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PREFACE. 


'kese  Outlines  of  Human  Osteology  are  submitted,  with 
eference,  to  the  Medical  Profession,  as  the  result,  partly 

researches  in  the  museum  and  dissecting-room,  prose- 
ated  at  intervals  during  the  last  five  years  ;  j^artly  of  a 
areful  perusal  and  comparison  of  the  best  English  and 
ireign  worts  on  the  subject. 
In  order  to  escape  as  far  as  possible  the  influence  of 
-uthority  (by  which  we  are  unconsciously  biassed  even  in 
latters  of  mere  obsei-vation),  and  at  the  same  time  to 
-lie  full  advantage  of  the  labours  of  previous  writers,  I 
lopted  in  the  composition  of  this  treatise  the  following 
ian.  A  minute  description  of  the  human  skeleton  was 
Tst  written,  without  reference  to  any  other  authority 
lan  that  of  Xature.  This  description  was  subsec[uently 
ilarged  and  improved  by  comparison  with  the  works 

Cloquet,  Cruveilhier,  Bourgery,  and  other  standard 
ithorn.  Whatever  contradictory  statements  came  under 
y  notice  in  the  course  of  this  comparison,  were  noted 
iwn,  and  made  the  subject  of  careful  research  in  several 
tensive  anatomical  collections  ;  particularly  in  that  of 
.  Alexandre,  which  afforded  me  the  opportunity  of 
rnparing  nearly  two  hundred  specimens  of  each  bone, 
he  results  thus  obtained  worn  emboflied  in  the  work  ; 
id  the  whole  %va.H  finally  submitted  to  a  close  and  scru- 
jloTis  revision. 

^Vith  regard  to  style  and  language,  my  ])riiif;ipa]  aim 
this  work  has  been  hrwMij.    JJnt  holding  tliat  true 
•evity  consists,  not  in  expressing  ideas  in  a  hui«\.1  xjim-r, 
it  in  conveying  them  in  fi  x/,r„-/  /;„/..,  I  I,,-ivf  not  thought 
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These  Outlines  of  Human  Osteology  are  submitted,  with 
lefereiice,  to  the  Medical  Profession,  as  the  result,  partly 
■'f  researches  in  the  museum  and  dissecting-room,  prose- 
nted  at  intervals  during  the  last  five  years  ;  partly  of  a 
.  areful  perusal  and  comparison  of  the  best  English  and 
oreign  works  on  the  subject. 

In  order  to  escape  as  far  as  possible  the  influence  of 
-uthority  (by  which  we  are  unconsciously  biassed  even  in 
.latters  of  mere  obsei-vation),  and  at  the  same  time  to 
sate  full  advantage  of  the  labours  of  previous  writers,  I 
dopted  in  the  composition  of  this  treatise  the  following 
.Ian.  A  minute  description  of  the  human  skeleton  was 
rrst  written,  without  reference  to  any  other  authority 
.han  that  of  Xature.  This  description  was  subsec[uently 
ailarged  and  improved  by  comparison  with  the  works 
f  Cloquet,  Cruveilhier,  Bourgery,  and  other  standard 
.athors.  Whatever  contradictory  statements  came  under 
ly  notice  in  the  course  of  this  comparison,  were  noted 
own,  and  made  the  subject  of  careful  research  in  several 
■rtensive  anatomical  collections  ;  particularly  in  that  of 
-.  Alexandre,  which  afforded  me  the  opportunity  of 
imparin:^  nearly  two  hundred  specimens  of  each  bone, 
he  results  thus  obtained  were  embodied  in  the  work  ; 
ad  the  whole  was  finally  submitted  to  a  close  aud  scru- 
qIous  revision. 

ith  retfard  to  style  and  language,  my  principal  aim 
I  ihiH  work  has  been  hrevily.  But  holding  that  true 
revity  consists,  not  in  expressing  ideas  in  a  mnnll  spue, 
nt  in  conveying  thern  in  ri  shod  lini>:,  ]  liuve  not  thought 
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it  inconsistent  with  this  design  to  dilate  freely  upon  some 
obscure  and  difficult  points,  which  have  heeu  passed  over 
in  a  few  linos  by  previous  writers. 

The  arrangement  of  the  treatise  is  such  that  the  df- 
scriptive  and  relativa  anatomy  of  the  bones  can  be  studied 
either  separately,  or  in  connexion  with  each  other.  The 
names  of  muscles,  nerves,  arteries,  &c.,  are  uniutelligible 
and  perplexing  to  the  beginner  who  has  never  dissected  I 
nor  seen  these  parts,  and  who  finds  the  description  of  the 
bones  themselves  sufficiently  complex  and  difficult  to 
require  his  undivided  attention.  The  advanced  student, 
on  the  contrary,  who  refers  to  an  osteological  treatise, 
merely  to  refresh  his  memory,  and  to  associate  his  earlier 
with  his  more  recent  acquisitions,  finds  it  useful  to  be 
reminded  of  the  names  of  those  organs  which,  either  by 
direct  attachment,  or  by  proximity,  are  related  to  the  j 
bones.  To  adapt  the  work  to  the  necessities  of  these  two 
classes  of  students,  all  names  and  details  belonging  to 
relative  osteology  have  been  carefully  sifted  out  of  the  | 
text,  and  thrown  into  notes  at  the  foot  of  each  page  ; —  ' 
where  they  are  as  much  out  of  the  way  of  the  beginner  as 
if  they  were  entirely  removed  from  the  work,  and  at  the 
same  time  as  accessible. to  the  advanced  student  as  if 
they  were  allowed  to  retain  their  usual  position  in  the 
text.  The  success  of  Professor  Partridge's  Osteological  | 
Lectures,  in  which  a  similar  plan  ia  pursued,  leads  me  to 
anticipate  that  this  method  of  arrangement  will  be 
attended  by  a  considerable  saving  of  time  and  labour  to 
the  students  wlio  use  this  boolc.  ' 

In  concluding  this  preface,  I  would  draw  the  attention  | 
of  anatomists  to  the  prejudicial  tendency  of  the  custom 
now  prevalent  in  our  medical  schools,  of  discounectiug  the 
study  of  analitm'u-al  forms  from  that  of  ])]ii/!iiologic<(l 
(lAions  and  (f.'.v.s-.  The  lectures,  and  the  elementary 
treatises,  from  which  the  student  derives  his  earliest  I 
notions  of  anatomical  science,  are,  with  few  exce]itions, 
devoted  entirely  to  the  minute  description  of  organs,  and 
afford  no  information  as  to  their  functions,  or  the  purport  | 
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their  stmcture  and  configm-ation.  Such  a  practice 
;anot  be  clet'encled  on  philosophical  grounds ;  nor  is  it 
.'ommeaded,  so  far  as  I  can  jjerceive,  by  any  practical 
I  ivenience  of  tixition ;  on  the  contrary,  it  has  a  direct 
iidency  to  produce  in  the  student's  mind  a  bent  towards 
I 're  technical  eruelitiou,  as  contradistinguished  from  real 
I  entitle  knowledge  and  insight.  It  is  true,  indeed,  that 
[,'anic  beings  are  to  be  contemplated  in  the  static  as 
111  as  in  the  dynamic  point  of  view;  at  rest,  as  well  as 
I  action.  But  these  two  orders  of  inc^uiry,  though  per- 
rtlj  disfitvt,  are,  nevertheless,  strictly  correlative;  and 
i;  very  contrast  in  which  they  stand,  is  such  as  to  imply 
:3ir  necessary  scientific  co-ordination. 
With  the  view  of  exemplifying  a  sounder  anatomical 
•!thod,  and  of  promotiag  its  general  adoption,  I  have 
r.rodnced  into  this  work  (though  put  forward  only  as  a 
Hcriptive  treatise),  an  analysis  of  the  mechanism  and 
(J3  of  each  organ  described,  and  have  even  ventured  to 
r.-ote  about  one  hundred  pages  to  original  observations 
I'd  erperiments  on  the  dynamic  branch  of  the  subject. 
rire  .space,  indeed,  would  willingly  have  been  giveu  to 
(^se  topics,  but  for  the  fear  of  diminishing  the  practical 
-lity  of  the  work  by  too  great  an  extension  of  its  limits, 

too  .sudden  a  deviation  from  established  usage.  An 
[portant  object  will,  however,  have  been  attained,  if  the 
i:it,  as  it  stands,  should  procure  a  more  general  assent 

the  opinion,  that  anatomical  clescriptioii  and  physio- 
\ical  etcplanation  .should  always  go  side  by  side;  and 
ixt  the  Htndy  c,i  fnrjji  ought  uot,  in  any  ca.sc,  to  be  dis- 
■'ered  from  that  of  rdalionn  and  lavju. 
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THE    THIRD  EDITION. 


This  Edition  has  undergoue  a  careful  revision,  and  its  ; 
statements  of  fact  have  been  put  to  the  test  of  a  renewed  , 
comparison  with  the  actual  facts  of  Nature  ;  and  I  trust , 
that  it  may  maintain  the  character  for  truth  which,, 
during  forty  years  of  service,  it  has  gradually  attained.. 
The  Introduction  has  also  been  extended,  and  brought  into: 

closer  conformity  with  the  results  of  recent  histological! 

research.    The  enlarged  typographic  form  will,  I  hope,; 

render  it  easier  of  perusal  than  the  preceding  issues  :  and, 

should  my  life  be  spared  to  see  further  editions  caUed  for,: 

I  trust  to  improve  each  in  succession. 

F.  0.  W.VRD. 

London,  OdoUr,  1875.  d 
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1.  The  hmnan  skeleton  consists  of  a  central  column,  of 
three  great  cavities,  and  of  four  extremities  or  limbs.  The 
cavities  are  connected,  one  with  each  end  of  the  column 
and  the  third  with  its  centre  ^  and  the  four  extremities 
are  attached  m  pairs,  two  to  the  middle,  and  two  to  the 
lowest  cavity.  The  column  is  caUed  the  spiwe;  the  upper 
cavity  the  skull;  the  middle  the  thorax;  the  lowest  the 
pelvis;  the  upper  extremities  the  arms;  the  lower  the 
legs. 

•2.  The  adult  skeleton  contains  208  separate  pieces  •  of 
which  twenty-four  belong  to  the  spine,  thirty  to  'the 
skull,  twenty-six  to  the  chest,  four  to  the  pelvis,  sixty- 
tour  to  the  two  upper,  and  sixty  to  the  two  lower  extreni- 
ties.  In  this  enumeration,  the  sesamoid,  Wormian,  and 
other  irregular  bones  are  excluded;  as  also  are  the  teeth 
which  are  organs  sui  generis,  differing  from  bones  m 
structure,  organization,  and  mode  of  growth.    The  series 


*  Philosophically  considered,  the  cranium  above,  .and  th 
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Conrie.x,on,  but  .still  reteunng  certain  general  analogies  to  the  pieces 
Of  the  ..,pina  co  nrnn,  which  render  it  impossible  to  doubt  that  they 
«re  all  moulded  in  one  common  tj-pe.  These,  however,  are  views 
belon^n^  to  tran.scendentai  anatomy;  interestiug  as  speculations, 
but  no,,  of  practical  importance;  and  therefore  inconsi.st.'nt  with  the 
desigri  and  limits  of  an  elementary  work.  Some  writ(.rs  indeed 
have  m,v]e  a  sort  of_  compromise  between  philosophical  accuracy 
a^d  practical  convenience,  by  connecting  the  sarLm  and  voccl 
^th  the  sp.ne.  while  they  describe  the  cranium  as  an  inrl,-,,endent 
cavity.    I  have  reUined  the  <,ld  divi.sion  on  account  of  its  sim|,lici(y 
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of  little  bones  in  tlie  ear,  minute  as  they  are,  are  counted 
as  so  many  separate  bones;  save  only  that  the  leidicular 
ear-lx)ne  is  often  refrarded  as  an  appendage  of  the  incus, 
and  the  spheiLoidal  lurhinated  of  the  sp]if:viiid  ;  while  the 
sacrum,  the  coccyx,  hyoides,  spheno-occipU.(d,  and  other 
bones  originally  formed  in  several  pieces  which  subse- 
quently unite,  are  counted  as  single  bones. 

The  spheno-occipital  is  divided  for  convenience  into  two 
parts,  which  are  usually  counted  as  separate  bones.^  If 
this  artificial  subdivision  be  admitted,  there  arc  thirty- 
one  bones  in  the  skull,  and  209  in  the  skeleton. 

3.  The  two  expressions  osteology  and  skeleton ,  are  each  of 
them  derived  from  the  Greek :  the  former,  from  oareov  (in 
our  letters  osteon),  bone,  and  Xdyos  (in  our  letters  logos), 
discourse  ;  whence  the  Greek  composite  name  uareo^oyia, 
and  our  transcript  thereof,  osteology,  the  science  of  bones. 
The  expression  skeleton  is  usually  described  to  mean 
the  general  framework,  as  formed  collectively  by  all  the 
bones  ;  but  its  etymological  derivation  shows  this  defini- 
tion to  be  neither  quite  correct  nor  quite  complete.  The 
word  comes  from  the  Greek  verb  o-keXXco  (in  our  letters 
shello),  to  dry  ;  and  it  is  only  by  aid  of  a  series  or  "  set  "  of 
bones,  artificially  prepared  by"a  desiccating  process,  that 
a  clear  view  can  be  obtained  of  the  dimensions,  shape, 
prominences,  depressions,  articular  surfaces,  and  other 
peculiarities  of  the  boues.  And,  without  this  preliminary 
knowledge,  as  its  fundamental  basis,  the  anatomy  of  the 
soft  parts  cannot  be  properly  pursued. 

4.  The  forms  of  the  bones,  varying  with  their  purposes, 
afford  a  natural  classification  into  long,  short,  flat,  and 
mixed  bones.  The  long  bones  form  the  strong  levers  of 
the  extremities :  the  short  or  cuboid  bones  are  employed 
where  many  joints  are  required,  as  in  the  spine  ;  or  where 
force  is  to  be  distributed  over  oblique  surfaces,  as  in  the 
carpus  and  tarsus :  the  flat  bones  generally  form  the 
walls  of  cavities,  and  are "  exemplified  in  the  cranium  and 
pelvis.  The  shapes  of  these  three  classes  of  bones  are 
suificiently  indicated  by  their  names;  the  mixed  are  so 
called  because  they  partake  of  the  characters  of  the  long 
and  of  the  flat  bones,  being  extended  in  two  of  their 
dimensions  considerably  more  than  in  the  third.  Such 
are  the  sternum  and  rihs  in  the  chest,  and  the  loiver  jaw 
in  the  skull. 

5.  Boue-tissue  is  composed,  in  nearly  equal  proportions 
by  weight,  of  organic  and  inorgan  ic  ingredients ;  the 
former  termed  hone-cartilage  or  ossein,  the  latter  consist- 
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ins  chiefly  of  tribasic  phosphate  of  lime  and  magnesia, 
and  of  common  chalk,  with  small  percentages  of  tiuoride 
of  calcium,  chloride  of  sodium,  sulphate  salts  and 
silica.  These  mineral  ingredients  do  not  form  granu- 
lar deposits  \-isible  to  the  eye,  but  are  diffused  as  an 
impalpable  tine  powder  throughout  the  bony  tissue. 
"W  e  do  not  j'et  know  whether  the  nature  of  the  com- 
bination be  'of  a  chemical  or  physical  uatui-e ;  though 
experiment  has  shown  that  we  may  withdraw,  at  will, 
either  the  ossein  of  bones,  leaving  the  mineral  componnds 
intact,  or,  conversely,  wash  out  the  mineral  constituents, 
leaving  the  ossein  behind.  In  both  experiments  the  mate- 
rial left  preserves  the  original  form  of  the  bone,  but  with 
a  ver\-  diti'erent  effect  in  each  case.  When  the  ossein  is 
removed,  the  mineral  iagredients  are  left,  robbed  of  all 
toughness  and  entirely  inelastic  and  brittle ;  whereas, 
conversely,  when  the  earthy  compounds  are  washed 
away,  the  ossein  remains,  tenacious  and  flexible  in  every 
sense,  but  having  very  little  resistance  to  the  blade  of  a 
cutting  instrument.  For  removing  ossein,  ebullition  with 
plain  water  suffices  ;  the  effect  being  first  to  convert  the 
msoluble  ossein  into  soluble  gelatin,  which  is  washed 
out;  while  dilute  solutions  of  acids  decompose  the  chalk 
and  drive  out  its  carbonic  acid,  and  dissolve  its  lime ;  and 
also  remove  two-thirds  of  the  basic  ingredients  of  the  tri- 
basic phosphates,  and  thus  leave  soluble  monobasic  phos- 
phate.s,  wfuch  are  taken  up  by  the  water  and  carried  away. 

6.  The  interior  structure  of  the  bones,  as  displayed  by 
their  mechanical  section,  shows,  in  different  bones  and  in 
different  parts  of  the  same  bone,  very  different  degrees  of 
suhstantiality ;  some  parts,  solid  and  thick,  being  called 
eiym^ad,  while  others  are  of  reticular  or  spongy  disposi- 
tion, full  of  small  cavities,  and  designated  cellalar. 
These  two  forms  of  bone-structure  are  shown  in  con- 
spicuous contrast  in  the  upper  end  of  the  femur,  when 
cut  through  the  head,  neck,  and  great  trochanter,  and 
down  along  the  shaft ;  and  this  shaft  is  a  cylindroid 
hollow,  enclosed  by  a  thick  wall  of  compact  bone,  of 
oval  contour ;  and  this  wall,  as  it  ascends,  spreads  in 
trumpet-mouth  fashion,  and  thins  off  to  a  mere  lamina 
of  paper-like  tenuity,  which  encloses  the  articular  sur- 
face of  the  head,  and  covers  the  back  of  the  great 
trochanter.  From  the  inner  side  of  the  shaft  and 
trochanter,  the  neck  of  the  femur  stands,  strongly 
rooted,  in  the  trochanter  above,  and  the  expanding 
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shaft  below;  and  tlio  wall  of  the  neck,  thick  at  the 
root,  thins  off  as  it  advances  to  the  articular  head,  which 
it   carries.      Within  the  large  cavernous   space  thus 
formed,  is  a  mass  of  cellular  bone— partly  fibrous,  partly 
Inrnellar,  rising  under  the  trochanter  in  pomted  arches, 
branching  and  intersecting  each  other ;  and,  in  some 
parts,  thickened  into  rib-like  or  rafter- like  forms,  which 
afford  additional  strength  :  while  other  fibres  shoot  out 
aloniT  the  neck,  and  intersect  and  tie  back  the  fibres  that 
supnort  the  head  of  the  bone ;  at  intervals  between  these 
thickened  parts,there  are  hght,  cavernous  spaces, traversed 
only  with  thread-like  fibrillas,  to  give  lightness  and 
expansion  where  strength  is  not  required  at  cost  of  extra 
weio-ht.    And  below,  in  the  interior  of  the  shaft,  a  similar 
lio-ht  cellular  structure,  partly   lamellar,  partly  fibril- 
lous,  to  assist  in  upholding  the  medulla  ;  and,  although, 
in  different  examples,  the  details  of  this  intricate  web- 
work  vary,  it  is  very  curious  and  beautiful  to  trace, 
amidst  the  irregularities  that  seem  at  first  to  pi'evaff, 
the  operation  of  a  general  law-Unes  of  force  and  strft- 
ness  lines  of  elasticity  and  pliancy,  lines  of  tenacity, 
and 'lines  for  distributing  shocks.    In  the  great  _  arti- 
cular condyles,  at  the  lower  end  of  the  femur,  similar 
mechanical  principles  of  adjustment  are  observed,  and 
similar  explanations,  nmtafis  mutcmclis,  are  applicable. 
And  it  may  be  added  that  the  expansion  and  lightness 
of  the  ends  of  the  femur  give  to  the  ghdiug  sm-faces 
of  the  ioints  wider  bearing  spaces,  less  pressure,  less 
friction;  and,  in  the  various  modes  of  progression  (as  m 
walldng  and  running),  the  lightness  of  the  limb  obviates 
inertial  resistance,  at  each  swing  of  the  hmb,  and  so 
economizes  the  runner's  muscular  energy,  and  promotes 
his  speed     These  facts  illustrate  the  mechanical  advan- 
tao-es  that  attend  the  combined  use,  m  bone-structure,  of 
compact  and  cellular  material  in  due  relative  pro]  )ortion. 

7  The  bones  are  enveloped  externally  by  a  dense 
fibrous  tissue,  called  the  cxternM  i^eriostenin;  and  this 
membrane  turns  down  through  the  canals  that  admit 
blood-vessels  into  the  cavity  of  the  bone,  and  it  Imes  their 
interior  walls,  and  forms  a  more  delicate  and  vascular 
membrane,  called  the  enclosteum,  or  vatcr.nd  pcn^steiuii 
The  compact  parts  of  bone  are  traversed  by  cauals  called 
Enversicln,  ^\uch  are  occupied  by  blood-vessels,  nerves 
and  lymphatics.  The  large  cavities  o  the  bones,  such  a3 
those  of  the  long-bone  shatts,  and  the  spaces  of  their 
cellular-tissue,  are  filled  with  soft  material  caUed  m  com- 
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mon  parlance  marroio.  This,  in  the  cellular  tissue  of 
bones,  abounds  in  vessels,  nerves,  and  lymphatics.  The 
cavities  also  abound  in  viednUa — a  delicate  connective  tis- 
sue, traversed  by  blood-vessels,  and  containing  numerous 
cells.  In  the  wide  canals  of  the  long-bone  shafts  these 
cells  are  tilled  \\-ith  a  yellow  fat.  In  the  fine  cancellous 
parts  of  the  bones  these  cells  are  granular,  but  seldom 
contain  fat ;  but  the  whole  mass  is  coloured  red  by  the 
abundance  of  blood-vessels.  ,  This  sort  of  medulla  is  con- 
spicuous in  the  short  cuboid  bones,  in  the  extremities  of 
the  long  bones,  in  the  diploe  of  the  flat  and  mixed  bones, 
in  the  apophyses— in  brief,  in  all  the  finely  reticulated 
parts  of  the  bones ;  and  these  medullary  cells  have  a  curious 
pulsating  movement,  expansive  and  retractile,  resembling 
the  motion  of  the  amoeba,  and  therefore  called  amoebic. 

Under  microscopic  examination  the  osseous  tissue  dis- 
plays two  very  characteristic  features,  the  matrix  and 
the  bone-corpuscles.  The  matrix  is  a  clear  cartilaginous 
substance  traversed  by  the  Haversian  canals,  small 
channels  referred  to  above.  (See  Par.  7.)  The  bone- 
corpuscles  are  minute  cavities  of  lenticular  form, 
which  send  out  numerous  canaUcuto,  radiating,  rami- 
fying, and  often  anastomosing  with  each  other;  some 
opemng  into  the  medullary  canals ;  some  ending  at  the  ex- 
tenor  surface  of  the  bones ;  some  having  pointed,  bhnd 
extremities.  These  canaliculce  contain  minute  floating 
Ixxiies,  regarded  as  germs,  of  osteogenetic  properties — i.e., 
as  conducive  to  the  generation  of  bone. 

The  bones  are,  with  few  exceptions,  developed  from  a 
cartilaginous  skeleton  laid  down  at  an  early  period.  The 
cartilaginous  bones  resemble  in  form  the  definitive  osseous 
bones  which  follow;  and  they  have  a  similar  matrix  and 
corpuscnles.  Their  transformation  from  cartilage  into 
bone  proceeds  from  certain  points,  called  points  or  centres 
of  ossification.  In  these  centres  appear  tubes  (cartilage 
cana  s;  filled  with  a  soft  cellular  mass,  which  receives 
blood  by  minute  vessels  from  the  perichondrium.  The 
cartilage  in  and  around  these  ossification-centres  is 
supplied  with  lime-salts,  and  the  white,  firm  character  of 
bone  apj^ars.  Spaces  dilate  around,  filled  with  medul- 
lary matter  containing  blood-vessels.  The  adjacent  car- 
tilage i.H,  in  part,  absorbed ;  and  the  impregnation  with 
hme  becomes  more  complete.  The  neighbouring  cartilage 
becomes  transparent,  and  shows  compressed  and  flattened 
ceils;  to  which  succeed  clear  and  large  cells  containing 
beautiful  nuclei.   These  cells  are  arranged  in  rows,  sepa- 
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rated  from  each  otlier  with  vertical  trabeculse  of  matrix  ;  | 
and  where  these  trabecula?  do  not  exist,  the  cells  touch  i 
each  other.  Sometimes  the  cells  shrivel,  and  trans-  I 
verse  trabecnlas  stretch  across  like  rmgs  ot  a  ladder 
supporting  them,  forming  a  very  delicate  structure. 
Beyond  this,  hme-salt-deposits  in  granules  appear  on  the 
trabecute ;  and  calcified  cartilage  appears  m  the  form,  ot 
riuo-a,  each  surrounding  one  or  several  large  cells  ;  which 
shrmk  and  appear  as  granules,  much  smaller  and  more 
numerous  than  the  cells.  Beneath  these  appear  masses 
of  protoplasm,  each  containing  two  or  more  average 
nuclei,  and  many  of  smaller  size.  Next  appear  granular 
cells,  having  processes,  and  forming  an  epithelium-like 
layer  on  the  trabecular  surfaces.  Herein  are  seen 
deUcate  cells,  fusiform  and  stellate,  with  other  ceUs 
coarsely  granulated,  and  blood-vessels. 

Such  are  the  anatomical  aspects  of  the  ossification  ot 
cartilage  and  the  development  of  bone.^  '^'^'j^.'^^' 
by  what  activities  do  these  changes  arise  ?  these  are 
physiological  questions,  which  do  not  belong  to  us  here 
Nor  have  we  space  to  pursue  the  two  other  modes  of 
ossification,  membranous  and  periosteal.  They  go  too 
far  into  histological  details  for  our  present  jrarpose.  i  hey 
may  be  studied  in  Strieker's  work  quoted  m  the  note  below. 

8  The  reparation  of  bone,  when  broken,  takes  place  by 
periosteal  ossification.  A  cartilaginous  capsule,  called 
the  provisional  callus,  forms  in  about  a  fortnight  around 
the  fractured  part  of  the  bone.  This  callus  begins  to 
ossify  after  three  weeks,  in  five  or  six  weeks  it  becomes 
entirely  bone.  The  osseous  case  thus  gamed  acts  as  a 
splint,  adheres  to  each  broken  part,  and  holds  them  toge- 
ther; while  the  definitive  callus  is  forming  by  ossifica- 
tion between  the  contiguous  ends  of  broken  bone,  and 
thus  its  ossific  continuity  is  restored.  _  Meanwhile,  the 
provisional  callus,  in  proportion  as  it  is  less  requu-ed, 
gradually  shrinks ;  so  that  at  the  end  of  eight  or  nine 
months,  the  bone  is  found  to  have  regained  its  normal 
size  and  strength  ;  and  its  cavity,  which  was  at  first 
obhterated,  gradually  reappears.*  

•  For  a  more  detailed  aecouut  of  the  structure,  developraent,  and 
reparation  of  bone,  and  its  microscopic  features,  the  student  is  re- 
fZed  to  Strieker's  "Manual  of  Histology,"  f  "/uced  by  bim  v  tk 
the  aid  of  numerous  collaborators,  and  published  in  England  b.^  the 
New  Sydenham  Society  in  1870,  with  fugrayings  of  the 

appearance  of  the  osseous  tissue,  when  submitted,  m  section,  to 
microscopic  examination. 
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Sa.  The  terms  used  in  ostcolog}'-  have  reference  to  the 
size,  shape,  and  situation  of  the  object  under  description. 
Many  of  them  are  used  in  the  common  sense ;  some  are 
technical,  and  require  explanation.    An  articular  cavity 
that  is  hemisiDherical  is  called  cotyloid;  one  that  is  broad 
and  shallow  is  called  glenoid ;  if  gi-ooved  like  the  wheel 
of  a  pulley,  it  is  said  to  be  trochlear ;  if  nearly  flat,  it  is 
called  a.  fact ;  if  deep  and  conical,  it  is  called  a  socket  or 
alveolus.    Of  processes,  some  are  serrated,  like  the  teeth 
of  a  saw;  others  mastoid,  or  nipple-like;  odontoid,  or 
tooth-like;  sf(/?oiVZ,  pointed  like  an  ancient  pen  ;  coracoid, 
curved  like  a  crow's  beak.    There  are,  besides  these, 
prominences,  tuberosities,  tubercles,  troclianters,  and  con- 
dyles ;  with  lines,  ridges,  crests,  &c. ;  all  of  which  have 
received  accurate  definitions,  with  which,  however,  we 
shaU  not  trouble  the  student,  as  they  are   not  very 
rig:idly  adhered  to  in  practice.    Again,  we  have  notches, 
holes,  canals,  clefts,  and  grooves,  which  require  no  expla- 
nation ;  with  sinuses,  which  are  chambers, whose  entrances 
are  narrower  than  their  cavities  ;  and  fossae,  in  which, 
on  the  contrary,  the  aperture  is  wider  than  the  intei-ior.* 
9.  The  skeleton  is  placed  for  description  m  the  erect 
posture  ;  the  toes  are  turned  forward,  and  the  arms  hang 
by  the  sides  with  the  palms  of  the  hands  directed  for- 
ward, and  the  thumbs  turned  outward.  Terms  expressive 
of  situation,  as  internal,  external,  and  the  like ;  and  of 
direction,  as  inicard,  outtvard,  &c. ;  are  used  with  reference 
to  an  imaginary  line,  called  the  median  line,  which  is 
supposed  to  pass  vertically  through  the  head,  down  the 
centre  of  the  trunk,  to  terminate  between  the  feet.  1 
have  found  it  convenient,  in  describing  the  flat  bones  of 
the  skull,  chest,  and  pelvis,  to  use  the  terms  interior  and 
exterior,  to  intimate  the  position  of  their  surfaces  with 
reference  to  the  centre  of  the  cavity  which  they  con- 
tribute to  form  ;  reserving  the  terms  internal  and  external 
to  erpre.ss,  as  usual,  their  relation  to  the  median  line. 
The  direction  of  a  process  is  indicated  by  a  line,  connect- 
ing the  centre  of  its  base  with  its  summit ;  the  direction 
(A  a  surface,  whether  plane  or  curved,  is  indicated  by  a 
line  drawn  pjerpendicular  to  its  centre ;  the  inclination 


*  Many  of  these  terms  are  used  indiscriminately.  Thus  the 
sphenoi'lal  JUmre  is  also  called  the  anterior  laccrat<id  foramen ;  the 
intemal  orbitar,  the  round,  and  the  condyloid  holes,  are  in  fact 
mn/iij;  and  the  nasal  foatce,  according  to  the  definition,  should  be 
called  iinuseM. 
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of  a  surface  is  indicated  by  a  line  drawn  parallel  to  it.  ! 
Great  confusion  has  been  introduced  into  anatomical  ! 
descriptions,  otherwise  accurate  and  perspicuous  (those, 
for  instance,  of  Cruveilhier  and  Clocpiet),  by  using  the  | 
term  direction,  sometimes  in  its  proper  sense,  and  some-  i 
times  to  signify  the  slope  or  inclination  of  a  surface.  | 
There  is  another  source  of  ambiguity  against  which  the  i 
student  must  guard.    In  describing  the  bones  of  the 
extremities,  one  is  apt  to  use  the  terms  internal  and  ex-  ' 
ternal  with  reference  to  the  median  line  of  the  particular  i 
limb  under  examination ;   to  consider  a  subcutaneous 
surface  external,  and  one  that  is  buried  under  muscles 
in  the  centre  of  the  hmb,  internal.     This  meaning  is 
never  admitted ;  the  subcutaneous  surface  is  internal, 
if  (as  in  the  tihia)  it  be  nearest  the  median  line  of  the 
body ;  and  the  deep  sm-face  is  external,  if  most  remote 
from  that  line. 

9a.  The  surfaces  by  which  bones  unite  are  called  arti-  , 
cnlar ;  and  the  place  of  junction,  or  joint,  between  any 
two  bones,  with  its  accomjDanj'ing  apparatus  of  ligament, 
cartilages,  synovial  membrane,  &c.,  is  called  an  articula- 
tion.   The  Icuowledge  of  the  articulations  involves  that  ' 
of  the  ligaments  ;  a  study  which  requires  dissection.  For 
this  reason  the  study  of  the  joints  has  been  separated  ' 
from  osteology,  and  made  a  distinct  branch  of  the 
science.     As,  however,  we  shall  occasionally  have  to 
allude  to  their  mechanism,  a  list  of  the  classes  into 
which  they  are  divided,  with  their  names  and  distinctive 
characters,  is  subjoined  in  a  tabular  form.  (See  pp.  7  and 
8,  infra.)  ' 

10.  Prom  these  general  explanations  we  proceed  to 
the  demonstration  of  the  individual  bones,  which  will  be 
described  in  the  following  order :  first,  those  of  the 
spine,  or  central  column  of  the  body ;  next,  those  of  the 
three  great  cavities,  shidl,  thorax,  and  pelvis,  in  succes- 
sion ;  and  finally,  those  of  the  extremities,  superior  and 
iviferior. 
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CHAPTER  L 

OF  THE  SPINE. 

11  The  =!pine  is  a  flexiious  column,  consisting  of  twenty- 
four '<eo-ments.  called  vertebrce,  whose  slight  motions  on 
each  other  ^nve  it  considerable  pliancy.  It  consists  ot  two 
T)art<  which  differ  in  form  and  function;  an  anterwr, 
solid,  for  support :  a  posterior,  hoUow,  for  reception  The 
anterior  solid  part,  or  pillar,  rests  on  the  pelvis  below, 
su^taininc^  the  chest  m  the  middle,  and  the  head  above. 
The  postenor  ca^^ty,  or  canal,  lies  parallel  to  the  pillar, 
lod^^  a  nervous  cord,*  which  extends  from  the  head  to 
the'^acrum,  at  the  lower  end  of  which  it  d\vindles  and 
disappears.  Each  vertebra,  therefore,  presents  a  segment 
of  a  pillar  in  front,  a  segment  of  a  hollow  cylinder  behind. 
The  t^Drmer  is  called  the  body,  and  the  latter  the  arch.  Ihe 
arch  is  formed  by  two  pedicles  and  two  lamince ;  it  sup- 
port- *even  processes,  presents  four  notches,  and,  by  uniting 
with  the  body,  forms  the  vertebral  hole.  These  several 
part^  present,  in  every  vertebra  (with  certain  exceptions, 
which  will  afterwards  be  given),  the  foUowing  characters. 


COMilOX  CHAKACTEES  OF  THE  VERTEBIUE. 

10  Body.  Convex  from  side  to  side,  and  concave  fi-om 
above  downward,  in  front ;  flat  from  above  downward,  and 
sho-htly  concave  from  side  to  side  behind,  where  it  con- 
tributes to  form  the  vertebral  foramen  ;  above  and  below 
slightly  concave,  bordered  with  a  kind  of  rim,  and  marked 
with  the  rough  impressions  of  the  intervertebral  fibro- 
cartilases  {Vi).    The  body  presents  several  large  vascular 
apertures  behiud,  and  a  few  smaller  in  front.    As  the 
spine  tapers  from  below  upwards,  in  a  general  sense,  but, 
in  some  parts,  tapers  in  the  opposite  direction,  so  also,  of 
course,  the  body  of  each  vertebra,  tapers  upward  or 
downward,  according  to  its  position  in  this  osseous  chain. 
Pedicles.    Project  backward  from  the  body,  one  on  each 
side,  at  the  upper  part  of  the  line  of  junction  between  the 
posterior  and  lateral  surfaces.  They  form  part  of  the  arch, 
support  the  processes,  and  connect  them  with  the  body. 
Nr/icHKS.   Four  in  all.   Two  scooped  out  of  each  pedicle  ; 
one  aVjve,  the  other  below.    The  lower  are  always  the 
deejjer.    The  notches,  by  their  union,  form  the  interver- 


•  The  sijinal  cord. 
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COMMON  CHARACTERS  OF  THE  VERTEBE.E. 


SiSSr"^''^-  three 
Articular. 

T'^°                having  an   articular  surface  alwava 

directed  more  or  less  backward.  always 

Two  u,fe,;ior,  also  a  little  posterior  to  the  former 
forwa^l  "  '^'•^^ted  more  orTeJs' 

Non- articular. 
^3^^°  ^'•'f^^^'^'f, passing  outward  one  on  each  side,  from 
the  pomt  where  the  articular  processes  ioin  the  ,.edicle 
One  spmous,  projecting  backward  from  the  centre'  of 

nectTbe  .  '^^^         P''^*^^  °f  1--^  whTch  con- 

nect the  s]3inous  process  with  the  pedicles.  They  com- 
plete the  arch  posteriorly,  and  may  be  regarded  as  the 
bifurcated  root  of  the  spinous  process.  Ho^e.  Bonded 
m  front  h j  the  body,  behind  by  the  arch,  i.e.  bf  the 
pedicles  and  la.mince. 

■nr^;^?''^'™''^!^    x^"*^^  Pi-ocesses  compact. 

Development.    By  three  points:  one  for  the  bodyftwo 
for  the  arch.    The  tips  of  the  processes  are  at  first^cai^° 
lagmous,  then  ossify  and  form  separate  epiphyses  *  and 
sulisequently  ioi-m  an  intimate  union  with  the  rest  of  the 
bone.    Articulations.    Each  vertebra  articulates,  by  its 
body  and  articiilar  processes,  with  the  vertebrs  adiacent 
A  substance,  called  the  intervertebral  fibro-cartilage  which 
IS  elastic,  bke  a  cushion,  in  the  middle,  tough  and  fibroua 
at  the  circumference,  is  interposed  between  the  bodies 
bmding  them  together,  and  aUowing  them  some  play  both 
in  the  lateral  and  longitudinal  dii-ections,  while  the 
articular  processes  gHde  on  each  other  by  their  cartila- 
ginous surfaces    The  body,  laminEB,  and  processes  are 
bound  together  by  ligaments. 

-1^®  twenty-four  vertebra?,  twelve  are  connected 
with  the  ribs,  and  contribute  to  form  the  thorax  These 
are  called  dorsal.  Above  the  dorsal  are  seven  smaller 
belongmg  to  the  neck,  and  caUed  cervical;  below  the 
dorsal,  fave  larger,  belonging  to  the  loins,  and  called 
Lumbar.    The  vertebra  of  each  region  are  distinguished 

*  An  epiphysis  is  a  process  developed  as  a  distimct.  piece  and 
remaining  for  some  time  movable  on  the  body  of  the  boue  by  the 
intervention  of  cartilage  ;  an  apophysis  is  a  process  that  La's  never 
been  separate  from,  or  movable  upon,  the  boue  to  which  it  belongs, 
ihe  fi«et  tei-m  is  derived  from  ,n^vn,,  an  oc-crction,  something 
tha,t  grows  i'o  another:  the  second  from  a^„0„o-«,  an  cr-crescence, 
Bomething  that  grows/?-o7)i  another.  ' 
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by  peouliiir  characters.  But  as  every  vertebra  bears  a 
pretty  close  resemblance  to  the  vertebras  immediately 
above  and  below  it,  the  several  regions  merge,  by  an  in- 
sensible transition,  into  each  other  ;  the  seventh  cervical 
assumiuij  many  of  the  characters  of  a  dorsal ;  the  twelfth 
dorsal,  of  a  lumbar. 


COIIIIOX   CHAKACTEKS   OF  THE   VEKTEBR.E  IN  EACH  KEGION. 

15.  Lumbar.  The  largest  of  the  vertebrEe.  Body. 
Greatest  dimension  the  transverse ;  flat  above  and  below  ; 
thicker  before  than  behind.  Pedicles.  Strong,  and 
directed  straisjht  backward.  Notches.  Deep  and  large, 
especially  the  lower.  Processes. 

Artifi.dar. 

The  two  superior  are  concave,  look  inward  as  well  as 
backward,  and  are  further  apart  than  the 

Two  uirti'io/-,  which  are  convex,  and  directed  outward 
as  well  as  forward.* 
Xon-aiiicular. 

Transrerge.  Thin,  long,  directed  a  little  backward; 
sometimes  terminated  by  an  epiphysis,  like  a  small  rib. 

Sjjiii'ji'.s.  Broad,  sqirare,  horizontal;  tbicker  below 
than  above.  LAiii>-.E.  Broad  and  strong,  but  short. 
Hole.  Triangular  ;  wider  than  in  the  dorsal,  smaller  than 
in  the  cervical  region. 

16.  DoR-SAi.  isext  in  size  to  th.e  lumbar.  Body.  Some- 
what triangular  in  form ;  most  extended  in  the  antero- 
posterior dimension,  and  thicker  behind  than  before.  Its 
fOiterior  sui-faee  is  concave  transversely  ;  on  each  lateral 
surface,  near  the  root  of  the  pedicle,  are  two  demifacets — 
one  above,  the  other  below — which,  in  the  recent  state, 
are  covered  with  cartilage.  'Wben  two  dorsal  vertebrae 
are  applied,  the  upper  facet  of  one  and  the  lower  of  the 
other  join  to  form  a  single  cavity,  which  receives  the  head 
of  a  rib.  Notches.  Smaller  than  in  the  lumbar,  larger 
than  in  the  cervical.  Processes. 

Articular. 

Flat ;  the  two  superior  are  directed  upward  and  oat- 
ward,  as  well  as  Vjackward,  and  are  very  little  in  advance 
of  the  inferior,  which  have  the  opposite  direction. 
Non-articidar. 

Transverse.  Long,  thick,  directedbackward  and  a  little 


*  It  13  a  gf;neral  rale  that  the  iippf;r  and  lower  articular  pro- 
ce9K3  of  any  vsrtebra  look  iu  opposite  directious. 
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upward,  as  well  as  outward,  with  a  clubbed  extremity 
bearing  a  coucave  cartilaginous  facet,  which  is  directed 
torward,  outward,  and  upward,  to  articulate  with  the 
tuberosity,  of  a  rib. 

Spinous.  Lono;,  inclined  downward,  prismatic,  tuber- 
cular at  the  end.  LAJtiXiE.  Broader  anil  thicker  than  in 
the  cervical.  Foliamen.  Eound,  or  slightly  oval,  and 
smaller  thau  in  the  cervical  and  lumbar. 

17.  Geiivical.    The  smallest  of  the  vertebne.  Body. 
Greatest  dimension  transverse,  thicker  before  than  behind, 
and  on  the  sides  than  in  the  middle.  Its  ]inxtcnor  surface 
is  Hat ;  its  vippe?-  surface  is  very  concave  transversely, 
shghtly  convex  from  back  to  front,  with  a  little  lip  j-jroject- 
mg  upward  on  each  side;   its  loiver  surface  presents 
opposite  characters,  being  convex  transversely,  concave 
from  before  backward,  and  furnislied  on  each  side  with  a 
shallow  de]3ression,  to  receive  the  corresponding  lip  of  the 
adjacent  vertebra.    The  lower  surface  of  each  cervical 
vertebra  is  smnller  tlian  the  upper  surface  of  tlie  vertebra 
below,  being  embraced,  when  in  situ,  by  the  lips  of  the 
latter.    The  body  is  here  also  on  a  lower  level,  with  regard 
to-the  processes,  than  in  the  dorsal  and  lumbar  reo-ions. 
Pedicles.    Directed  very  much  outward,  so  as  to  give  the 
arcli  a  wide  sweep.   Notciies.  More  equal  in  depth  above 
and  below  tlian  in  tlie  dorsal  and  lumbar  regions.  The 
upper  is  continuous  with  a  groove  in  the  transverse  pro- 
cess.  PiiocEssEs.  Articular.  Upper.  Flat,  oval,  directed 
upward  and  backward.  Lower.  Same  characters,  opposite 
direction.    Non-articular.    Transverse.    Sbort,  tlii-ected 
forward  and  a  little  downward,  as  well  as  outward;  bifid 
at  tbe  summit,  marked  above  by  a  groove,  which  runs 
downward  and  outward  from  the  upper  notch,  and  lodo-ea 
a  nei-ve,*  perforated  at  the  base  by  a  hole  for  the  traris- 
mission  of  an  artery .f  It  arises  by  two  roots  ;  a  posterior, 
larger,  attached  to  the  pedicle  ;  an  anterior,  smaller,  con- 
nected with  the  side  of  the  body.    It  is  between  these 
that  the  arterial  hole  occurs.    S^nnous.    Short,  slightly 
inclined  downward,  terminated  by  two  branches,  which 
are  often  unequal  in  size.  Lamin.i;.  Narrow,  Ions?,  thinner 
above  than  below,  and  incHned  so  as  to  imbricate  over  those 
of  the  subjacent  vertebra.    Vertebral  hole.    Yeiy  large, 
and  of  the  form  of  a  triangle,  witli  its  sides  slightly  curved, 
and  its  angles  rounded.    It  is  more  extensive  below  than 
above,  on  account  of  the  inclination  of  the  lamina3. 


*  Oue  of  the  si^inal. 


t  Vertebral. 
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DEVUTIOSS  PROM  TITE  REC.TJLAK  FOTlil  IN  CEUTAIN 
VEKTKBKJt;  OF  EACH  IIEUION* 

18  0  f  the  lumbar  vertebrfe.  the  fifth  is  i)ec\diar  j<#liaving 
a  bodv  which  is  much  thicker  iu  trout  thau  behind,  on 
account  ofbeinsj  bevelled  otf,  so  as  to  ibrm  with  the  sacrum 
the  ^acro-vertebral  auiile.  The  fourth  is  also  a  little 
thicker  before  than  beh'iud.  The  transverse  processes  of 
this  region  varv  in  length.  In  the  following  enumeration 
the  lumbar  vertebraj  aVe  arranged  according  to  the  length 
of  theii-  transverse  processes,  proceeding  from  longest  to 
shortest  -.—third,  fourth,  second,  first,  fifth.  Hence  it 
appears,  that  the  longest  transverse  processes  are  m  the 
middle' of  the  region,  "the  shortest  at  its  two  extremes. 
Those  of  the  fifth^'lumbar  vertebra  are  of  a  conical  form, 
and.  though  the  shortest,  very  strong  for  the  attachment 
of  powerful  ligaments.f 

IP.  Of  the  dorsal  vertebrse,  the  first,  ninth,  tenth, 
eleventh,  and  tv:eWi  are  distinguished.  First  Dorsal. 
Body.  Larsest  transversely,  upper  surface  concave  and 
lipped  like  a  cervical  (17).  Instead  of  a  demi-facet  above, 
it  has  an  entire  articulating  surface,  besides  which  it  has 
the  usual  half  facet  below.  Spinous  process.  Thick,  long, 
horizontal.  Xinth  Dorsal.  Body.  Np  demi-facet  below. 
Tenth  Dorsal.  Body.  An  entire  articular  facet  above  ; 
no  demi-facet  below.  ELEVENTn  DoRS,iL.  Body.  Large 
Kke  a  lumbar,  with  a  single  entire  articular  surface  on  each 
side,  instead  of  the  two  demi-facets.  Processes.  Trans- 
verse. Yery  short,  no  articular  surface  at  the  extremity. 
Twelfth  Dor-sal.  Same  characters  as  eleventh ;  still 
more  like  a  lumbar,  transverse  processes  shorter,  lower 
artkulnr  processes  convex,  and  tui-ned  outward  Uke  those 
of  the  lumbar. 

The  fouiih  is  the  smallest  dorsal  vertebra.  They 
increase  in  size  from  the  fourth  downward  to  the  twelfth ; 
and  from  the  fourth  upward  to  the  first.  Their  spinous 
processes  become  shorter  and  more  horizontal  from  the 
eighth  downward. 

20.  Of  the  cervical  vertebrae,  the  first,  second,  and 
temenAh  are  jx;cnliar. 

21.  FiR-ST  Cervical,  or  Atlas.  Has  no  lod.y,  spinous 
process,  nor  pedicles.    It  con.sists  of  two  lateral  masses. 


•  The  po.cuWir  (>r  dUtinctiv.  points  only  aro  nolicod  iu  this  section, 
t  Sacro-lumhar  aud  Llio-lumbar. 
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counectccl  by  a  small  arch  in  front,  and  a  larger  behind.! 
ihe  rmg  thus  formed  maj^  be  divided  into  fifths,  of  which! 
eacii  lateral  mass  occupies  one,  the  anterior  arch  one  i 
and  the  posterior  arch  the  remaining  two.    Anterior  or! 
Lessek  AiiCH.    May  be  regarded  as  the  front  of  a  hodnj, 
all  the  hinder  parts  of  which  have  been  removed  to  make 
room  for  the  odontoid  process  of  the  second  vertebra  (22) 
Anteriorly  the  lesser  arch  is  convex  and  tubercular  • 
posteriorly  it  is  concave,  and  marked  in  the  middle  withj 
an  oval  smooth  surface,  which  articulates  with  a  similar 
one  on  the  odontoid  process.    It  has  a  thin  Ixjrder  above  : 
and  below.    Postekior  or  Greater  Akcii.    Terminates  I 
behind  m  a  tubercle,  which  represents  the  sijinous  process  ! 
and  gives   origm  to   a  muscle.*    Above,  it  presents' 
iJosi!ei-)o/7y  a  rounded  edge;  anteriorly,  two  qrooves,  ous' 
behmd  each  lateral  mass.  These  are  sometimes  converted  I 
into  perfect  holes  by  a  little  process  of  bone.    Each  trans-  ' 
mits  an  artery ,t  which  comes  up  through  the  hole  in  the 
transverse  process,  and  curls  round  backward  and  inward 
behind  the  lateral  mass.    It  also  transmits  a  nerve.t 
The  posterior  arch  presents,  below,  two  other  grooves  just 
opposite  to  the  last-mentioned,  and  situated?  like  them, 
behind  the  lateral  masses.    These  grooves  represent  the 
notches  of  the  atlas,  and  they -are  pecuHar  in  lying  hehind 
the  articular   processes.     Lateral   Masses.     Present,  ' 
above,  the_  siqjerior,  and  below,  the  inferior  articular  j 
processes ;  internally,  two  tuhercles  (one  on  each),  for  the 
attachment  of   a  ligament,  §  which,  stretching  across, 
divides  the  ring  into  two  parts ;   and  e:rternalhi,  the' 
transverse  processes,  ||  long,  strong,  not  bifurcated,  but 
clubbed  at  the  summit,  inclined  downward,  and  perforated 
at  the  base  by  a  canal  directed  from  below  U]3ward,  back- 
ward, and  outward.    Articular  Processes.  Superior. 
Large,  concave,  oval,  longest  diameter  from  before  back-  ' 
ward,  nearer  together  in  front  than  behind  by  nearly  a  I 
quarter  of  an  inch,  directed  upward,  inward,  and  a  little  ' 
backward,  and  articulated  with  the  condyles  of  the  occiput.  ' 
Inferior.    Circular,  slightly  concave,  directed  downward,"  ' 
inward,  and  a  little  backward,  and  articulated  with  the  i 
axis,  on  which  the  atlas  rotates.  Developmext.  By  three  I 

*  Rectus  capitis  posticus  minor, 
t  Vertebral.         t  Sub-occipital.         5  Trausverse. 
These  processes  give  attachment  to  the  superior  and  inferior  | 
oblique  muscles.  , 
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(oiuts,  oue  for  the  anterior  arcli,  aud  oue  lor  each  lateral 
aass.  Sometimes  there  are  two  more  for  the  posterior 
,rch  ;  making  tive  points  of  ossificatiou  in  all. 

•2-2.'  Second  Cekvical,  or  Axis.  A  strong  triangular 
ertebra,  with  a  hoJij  whose  anterior  surface  is  deeper  than 
he  posterior,  aud  marked  with  a  ridge  in  the  middle, 
eparatiuiT  two  lateral  depressions,  for  the  insertion  of 
Quscles  ;*  while  its  upper  surface  jiresents  in  the  middle  a 
trouij. vertical, bluntly-pointed, toothdike  eminence,  called 
he  ralontoid  proce^--^,  which  passes  up  into  the  anterior 
livision  of  the  ring  of  the  atlas  between  the  lateral  masses, 
rhis  process  has  a  smooth  oval  suii'ace  in  front  to  articulate 
sith  the  atlas,  another  behind  to  play  on  the  transverse 
itmment.  and  is  roirgh  above  for  the  attachment  of 
i^aments.t  On  each  side  of  this  process  the  npper  surface 

the  body  presents  a  round,  slightly  convex,  articular 
rartace.  directed  upward  and  outward,  and  suiDporting  the 
itlas.  These,  the  siq)erior  articular  processes,  are  anterior 
ind  internal  to  the  loicer  ones.  They  are  remarkable  in 
yeins  supported  partly  by  the  body,  partly  by  the  pedicles, 
ind  partlv  by  the  transverse  processes.  Supeiuor  Notches. 
Superficial,  and  placed  Z»e/t/)uZ  the  corresponding  articnlar 
processes.  Tha^'sverse  Processes.  Very  small,  not 
bifurcated,  nor  grooved ;  the  arterial  hole  runs  very 
)bliquely,  upward,  outward,  and  backward.  Lamina. 
rhick  and  prismatic.  Spinous  Process.  Large  and 
rtrong,  deeply  channelled  underneath,  and  tnliercidar  at 
.he  extremity  for  the  insertion  of  muscles. f  Vertebral 
Foramen.  Kidney-shaped.  Development.  The  axis  has 
m  extra  point  of  ossification  for  the  odontoid  process. 

23.  It  is  chiefly  to  the  two  first  vertebras  of  the  neck 
:hat  the  head  owes  its  extensive  mobility.  Nutation  and 
extension  of  the  head  are  pert'ormed  by  the  motion  of  the 
occipital  condyles  upon  the  cup-like  articular  surfaces  of 
:he  atlas.  In  rotation  of  the  head  from  side  to  side  (as  in 
looking  back  over  the  shoulder) ,  the  atlas  turns  round  upon 
the  pivot  of  the  axis,  carrying  the  head  along  with  it.  The 
first  is  a  hinge  joint ;  the  second  resembles  a  mortice  and 
tenon.  Their  motions  may  be  performed  separately  or 
limnltaneously  ;  being  independent  both  of  each  other  and 
af  the  slight  movements  which  take  place  between  the 
remaining  vertebrie  of  the  neck.    It  is  from  the  combined 


*  T-ongi  r-olli.  t  Ofloiitoid. 

;  fif-cti  capiti.s  postici  majorcs,  .ind  obliqui  iiifcriorei!. 
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or  successive  actions  of  these  sevei-al  joints  that  tin 
diversified  motions  and  postures  of  the  head  result. 

24.  Seventh  Cehvical  Vjsktebra.  Large;  spivo" 
process  long,  tldcli:,  and  not  bifurcated ;  holes  in  tin 
transverse  jwocesses  small,  irregular,  and  often  wantini 
This  vertebra  has  sometimes  two  little  epii^hyses,  in  fori: 
and  situation  resembling  rudimentary  riljs,  and  remainin  g 
separate  to  the  age  of  five  or  six  years.  These  sometinir^ 
exi;end  outward  an  inch  or  more  on  each  side,  becoming 
analogous  to  the  cervical  ribs  of  certain  animals. 

■    OP  THE  SPINE  IN  GENERAX. 

25.  Size  and  Direction.  To  the  length  of  th 
vertebral  column,  which  is  a  third  of  the  entire  height  ir' 
the  body,  the  lumbar  region  contributes  seven  parts,  tin 
dorsal  eleven,  the  cervical  five.  The  lumbar,  and  the  niu. 
lower  dorsal  vertebra?,  form  a  truncated  pyramid  who>.. 
base  rests  on  the  sacrum.  The  six  lower  cervical  form 
another  truncated  pyramid,  whose  base  rests  on  the  iirst 
dorsal,  and  whose  summit  is  surmounted  by  the  atlas, 
on  which  again  is  balanced  the  "globe  of  the  cranium. 
Between  these  two  pyramids,  and  extending  from  the 
liase  of  the  uj^per  to  the  summit  of  the  lower,  intervene 
the  four  superior  dorsal  vertebraa,  which  constitute  a 
third,  but  inverted  pyramid.  Thus,  though  the  whole 
coluxnn  presents  a  cone  whose  base  is  somewhat  more 
than  double  the  diameter  of  the  summit,  yet  this  general 
pyramid  is  composed  of  three  subordinate  pyramids.  The 
spinal  column  is  concave  anteriorly  in  the  dorsal  region, 
where  it  contributes  to  form  the  chest,  convex  anteriorly 
in  the  neck  and  loins.  It  has  also  a  shght  lateral  cui-va- 
ture,  the  convexity  of  which  is  generally  directed  towards 
the  right  side.  It  jn-esents  for  examination  four  surfaces, 
a  base,  a  summit,  and  a  verfehral  canal. 

26.  SuEi'ACES.  Anterior*  Presents  the  anterior  sur- 
faces of  the  bodies  of  the  vertebra?,  narrow  in  the  dorsal 
region,  wider  in  the  cer\acal,  widest  in  the  lumbar; 
convex  from  above  downward,  above  and  below ;  concave 


*  This  surface  of  tbo  spiuo  is  covort'd  by  tijp  anterior  common 
lignmeut;  it  corrospouds  in  the  cervical  region  to  the  recti  capitis 
aulici  majoi-es,  and  loiigi  colli ;  in  the  doi'sal  region  to  the  vena 
azygos  ou  the  right  side  and  thi'  noria  on  tha  left ;  and  in  the 
lumbar  region  to  tfio  crura  of  the  diaphragm,  the  vena,  cava,  the 
iibdominal  aorta,  and  the  lumbar  ganglia  of  the  sympathetic. 
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from  above  downward,  in  tlie  middle  ;  everywliere  convex 
transversely.  Posterior.  Presents  in  tlie  median  line  the 
gpinoi's  processes,  horizontal  above  and  below,  inclined 
and  imbricated  in  the  middle,  separated  by  large  in- 
tervals in  the  loins,  by  smaller  in  the  neck,  by  smallest 
of  all  in  the  back.  These  intervals  are  closed  in  the 
recent  subject  by  ligaments.*  Immediately  external  to 
the  row  of  spines,  is  seen  on  each  side  the  vertehral  groove, 
formed  by  the  laminaB  only,  in  the  neck  and  loins,  where 
it  is  shallow ;  by  the  laminte  and  transverse  jsrocesses  in 
the  back,  where  it  is  deep.  It  gradually  contracts  in 
width  from  above  downward,  and  in  the  recent  state  is 
filled  by  mnscles.f  External  to  the  vertebral  grooves  are 
seen  the  articv.lar  irrocesses,  and  external  to  these  the 
transverse  processes,  which  in  the  dorsal  region  indicate 
the  line  of  junction  between  the  j)osterior  and  lateral 
surfaces.  The  dorsal  transverse  processes  stand  back  on 
a  plane  posterior  to  that  which  is  occupied  by  the  trans- 
verse processes  of  the  cervical  and  lumhar  vertebree ; 
which  latter  evidently  belong  to  the  lateral  regions  of  the 
spine,  though  not  usually  referred  to  them  by  anatomists. 
Lateral.  Divided  from  ihe  iJosterior  surface,  in  the  neck 
and  loin.s,  by  the  line  of  articidar  processes,  in  the  back, 
by  the  line  of  transverse  processes.  Present,  in  front,  the 
lodies  of  the  vertebrte,  marked  in  the  dorsal  region  with 
the  articular  cavities  which  receive  the  heads  of  the  ribs. 
Behind  the  l>odies  appear  the  intervertebral  foramina, 
formed  by  the  apposition  of  the  notches,  oval  in  shape, 
considerably  larger  in  the  lumbar  than  in  the  cervical 
region,  and  a  little  larger  in  the  cervical  than  in  the 
dorsal.  They  are  situated  between  the  transverse  j^ro- 
cnHHkH  in  the  neck,  anterior  to  them  in  the  back  and  loins. 
With  the  exception  of  the  first  pair  (between  the  atlas 
and  a.-cis),  they  are  anterior  to  the  articidar  processes. 
They  transmit  nerves.^  In  the  cervical  region  the  trans- 
versa, processes  project  between  the  intervertebral  fora- 
mina, and  present  a  series  of  holes,  which  form  a 
canal  for  the  reception  of  an  artery. §  In  the  lumbar 
region  they  .stand  on  a  plane  pf)sterior  to  the  inter- 
vertebral holes,  but  anterior  to  the  articular  processes. 


•  Ligamcnta  subflava. 
t  Longissimns  dorai,  sacro  lumbali.s,  Bcuiispinalis  dorsi,  multifidi 

t  The  spinal.  5  Tbc  vortuljral. 
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SKULL. 


(lu  the  dorsal  region  tliey  are  posterior  both  to  the  inter- 
vertebral holes,  and  to  the  articular  processes.  It  is  only 
in  the  two  former  regions  that  they  belong  to  the  lateral 
surface  of  the  sinne.)  Base.  Presents  the  lower  surface 
of  the  fifth  lumbar  vertebra,  which  has  been  already  de- 
scribed. (18.)  SuMJiiT.  Presents  the  upper  aspect  of  the 
atlas,  already  descrilsed  (21).  At  each  extremity  appears 
the  orifice  of  the  VEirrEURAL  Canal.  This  canal  following 
the  flexuosities  of  the  spine,  opens  into  the  cranium  above, 
into  the  sacral  canal  below.  Wide  and  triangular  in  the 
neck  and  loins,  it  is  narrow  and  rounded  in  the  liack.* 

27.  Uses.  The  vertebral  column  is  a  remarkable  piece 
of  mechanism.  Strong  enough  to  support  several  hundi-ed 
weight,  yet  pliant  and  elastic  ;  furnished  with  levers  and 
muscles,  by  which  it  is  bent  in  every  direction,  yet  lodging 
an  organ  susceptible  of  injury  from  the  slightest  pressui'e; 
formed,  for  hghtness,  of  a  loose  and  reticular  tissue,  yet 
cajDable  of  sustaining,  without  fracture,  shocks,  strains, 
and  contortions,  of  considerable  violence :  this  column 
certainly  combines  the  most  opposite  quahties,  and 
performs  functions  apparently  incompatible. 

It  transmits  the  weight  of  the  head  and  trunk  to  the 
pelvis  and  lower  extremities  ;  is  the  seat  of  all  the  motions 
of  the  trunk ;  gives  passage  to  the  spinal  nerves ;  and 
affords  attachment  to  numerous  muscles  and  ligaments.f 


CHAPTER  11. 

OE  THE  SKULL. 

28.  The  skull,  a  strongly  fi-amed  cabinet  containing 
several  organs  whose  security  fi-om  concussion  is  essen- 
tial to  life,  rests,  jjoised  as  on  springs  and  cushions,  at  the 
summit  of  the  vertebral  column.  It  is  divided  into  two 
parts :  the  cranium  above  and  behind,  the  face  below  and 
in  front. 

The  former  consists  of  eight,  the  latter  of  fourteen 


*  It  contains  the  spinal  cord  and  its  appendages. 
•)■  These  are  so  numerous,  and  tlieir  attachmouts  so  coraplicjited 
that  anything  sliort  of  a  complete  description  would  bo  of  little 
service,  even  to  tlie  advanced  student ;  who  is  therefore  refeiTed 
to  treatises  on  myology. 
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bones.  Besides  ttese,  the  liead  contains  six  ossictda 
audit  us,  tliirty-two  teeth,  and  several  ii-regnlar  pieces. 

OF  THE  CRANIAL  BONES. 

29.  Fonr  are  single  and  median,  tlie  occipital  beliind, 
the  frontal  before,  the  sphenoid  and  ethmoid  interposed  at 
the  "base ;  fonr  lateral  and  in  pairs,  the  two  parietal  above, 
the  two  temporal  below. 

OF  THE  OCCIPITAL  BONE. 

30.  This  bone  is  sitnated  at  the  posterior  and  inferior 
part  of  the  cranium,  and  resembles  in  shape  a  lozenge, 
curved  upon  itself.  It  has  a  posterior  vertical,  and  an 
anterior  horizontal  portion ;  and  presents  for  examination 
two  surfaces,  fonr  borders,  and  four  angles. 

31.  Surfaces.  Exterior.  Presents,  beginning  at  the 
sununit  of  the  vertical  portion,  and  passing  round  the 
bone  downward  and  forward — first,  a  smooth  surface,  on 
which  in  the  recent  state  a  muscle*  plays ;  secondly,  the 
exterior  occipital  tuherosity,2LJi  eminence  which  is  situated 
half  way  between  the  summit  of  the  bone  and  the  foramen 
magnum,  and  gives  attachment  to  a  ligament  ;t  thirdly, the 
exterior  occipital  cres^  a  ridge  passing  fi-om  the  tuberosity 
to  the  foramen  magnum;  fourthly,  the  two  superior 
curved  lines,  rough  semicircular  ridges  passing  outward, 
one  on  each  side,  from  the  occipital  protuberance ;  fifthly, 
the  two  inferior  curved  lines,  passing  outward  parallel  to 
the  former  from  the  middle  of  the  crest  (these  ridges,  with 
several  rough  depressions  that  lie  between  them,  give 
attachment  to  muscles  -jX)  sixthly,  the  foramen  magnum, 
a  large  elliptical  hole,  with  the  longest  diameter  fi-om 
behind  forward,  and  with  a  rounded  shelving  margin  that 
render.s  it  more  extensive  above  than  below ;  (it  transmits 
several  Important  organs  ;§)  seventhly,  on  each  side  of 


•  Ocoifjito-frontali.s.  t  Ligamentum  nucbae. 

X  Thf;  snp'-rior  curved  line  gives  attaoiimcut  by  its  internal  tbird 
U)  the  trap'  ziii.i,  by  its  (external  two-tbirds  to  tbf3  occipito-froutalis 
and  tbf;  stcnio-rnastoidcus.  Tho  doprcHHions  between  Uio  sonii- 
circnlar  lines  attacb  the  oomplexus  internally,  tbo  sploniuB  capitis 
extf-TOally.  Tbe  inferior  curved  or  Heniicircular  line,  and  tbo 
depressions  V^f.-low  it,  give  insertion  int^;nially  to  tbo  n^cti  capitis 
postici,  rnajores  and  minores,  ext/'nially  to  tbe  oblir[ui  suiieriore.s. 

§  The  spinal  cord  and  its  envelopes,  Iho  vertebral  arteries,  aud 
the  spinal  accessory  nerves. 
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the  foramen  magnum,  tlie  occipital  condyles,  two  oval 
convex  articular  surfaces,  directed  downward  and  out- 
ward, nearer  together  in  front  than  Ijehiud,  rough  within 
for  the  attachment  of  ligaments,*  smooth  and  cartila- 
giuous  helow  for  articirlatiou  with  the  atlas,  and  Ijounded, 
externally  by  a  rough  tubercular  surface  for  the  attach- 
ment of  a  muscle,t  before  and  Ijehind  by  the  mi  tcruir  and 
posterior  condyloid  fossce  ;  depressions  perforated  by  holes, 
or  rather  canals,  wiiich  are  called  after  them  the  anterior 
and  fiosterior  conchjloid  foramina. — The  a.nterior  con- 
dyloid foramina  are  always  present,  they  run  from  the 
bottom  of  the  anterior  condyloid  fosso3  upward,  inward, 
and  backward,  to  terminate  in  the  interior  of  the  cranium, 
at  the  margin  of  the  foramen  magnum  :  each  transmits  a 
nerve. J  The  posterior  are  less  regular  in  size,  and  often 
wanting  on  one  side  or  Ijoth ;  they  nm  from  below,  up- 
ward, forward,  and  a  little  outward ;  and  open  above,  near 
the  notch  which  contriljutes  to  form  the  foramen  laceinim 
posterius  :  (69)  each  transmits  a  small  artery  and  vein  ; — 
eighthly,  in  front  of  the  foramen  magnum  is  the  Insilar 
sitrface,  rough,  horizontal,  broader  behind  them  before, 
and  presenting,  in  the  midiUe  a  longitudinal  ridge  called 
the  filia/rijujjeal  spine,^  on  each  side  depressions  for  the 
insertion  of  muscles.  || 

Interior  or  Cerebral.  Concave  and  smooth;  presents 
near  the  middle  of  the  vertical  portion  the  interior  occi- 
pital tuherosity,  exactly  opposite  to  the  exterior  occipital 
tuberosity.  This  central  eminence  is  the  point  where 
three  well-marked  venous  channels  meet;  one  vertical, 
caMed  sulcus  lonfiitudincdis ;  two  transverse,  called  sulci 
transversales  or  latercdes ;  the  former  passing  upward  to 
the  superior  angle  of  the  bone,  the  latter  outward  to  its 
lateral  angles.  The  longitudinal  channel,  which  gene- 
rally lies  somewhat  on  the  right  of  the  median  Hue,  lodges 
a  large  venous  canal,T[  and  its  margins  attach  a  fold  of 
fibrous  membrane.** 

The  transverse  channels  likewise  lodge  large  venous 
canals,tt  and  their  margins  attach  another  fold  of  fibrous 

*  Tho  odontoid, 
t  Eentus  capitis  latemlis.  t  Nintli,  or  liypoglossal. 

5  This  M.tt.iclirs  the  tcnidininis  rnplie  of  the  iiharyiix. 
|[  Urcti  i-apiti.sautici,  majoros  aud  luiuoivs,  behind;  superior  con- 
strictor of  tlie  pharynx  in  front.  .       ,  , 

f  Longitudinal  sinus.  •*  Falx  major  of  dura  mater, 

tf  The  lateral  sinuses. 
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membra-ae*     AYliere  these  three  channels  meet,  which 
is  usually  a  little  to  the  right  of  the  interior  occipital 
protuberance,  there  is  a  depression  in  the  bone.f  Passing 
downwards  from  the  interior  occipital  tuberosity  to  the 
foramen  magnum  is  the  interior  occij^ital  crest,  a  sharp, 
smooth  edgef  bifurcated  below,  corresponding  in  situation 
to  the  exterior  crest,  and  giving  attachment  to  a  fold  of 
fibrous  membrane.!    The  channels,  and  the  crest,  just 
described,  divide  the  interior  sui-face  of  the  vertical 
portion  into  four  fosses ;  two  superior,  called  cerehral 
j'ossrp.  of  the  occiput ;  and  two  inferior,  called  cerebellar 
fossai  of  the  occipiU.    The  cerehral  fossaj  are  separated 
from  each  other  by  the  longitudinal  sulcus,  and  bounded 
below  by  the  transverse  sulci ;  they  are  smaller  than  the 
cerebellar  fossffi  and  marked  with  cerebral  impressions. § 
The  ■■erebellar  fossa  are  separated  from  each  other  by  the 
interior  crest,  and  fi-om  the  cerebral  fossee  by  the  trans- 
verse sulci :  they  are  larger  than  the  former,  and  per- 
fectly .smooth. II     All  these  fossa;  present  arterial  im- 
pressions.   In  front  of  the  crest  is  the  interior  opening 
of  the  foramen  marpium,  more  extensive  than  the  exterior. 
On  each  side  of  the  foramen  magnum  are  seen  the  in- 
terior orifices  of  the  condyloid  foramina,  those  of  the 
j>osferior  external  to  those  of  the  anterior,  and  sur- 
mounted by  a  little  bony  arch.    From  the_  posterior 
condyloid  foramen  on  each  side,  a  short  but  wide  groove 
runs' backward  and  outward;  it  lodges  part  of  the  same 
venous  canal  which  is  contained  in  the  transverse  groove, 
but  its  relation.s  can  only  be  understood  when  the  cranial 
bones  are  united.    (73.)    In  front  of  the  foramen  magnum 
in  the  hanilfxr  fjroove,  a  shallow  longitudinal  depression, 
which  slopes  from  behind  upward  and  forward,  and  lodges 
an  irnfK.rtant  part  of  the  nervous  system-^l    The  narrow, 
horizontal  portion  of  the  bone  on  which  this  depression 
occur.s,  is  called  the  basilar  process  of  the  occij^ital.  This 
prrxiess  present.s  on  its  upper  surface,  besides  the  basilar 
gri-xjvft,  a  narrow  channel  on  each  side,  which  imites  with 
a  corres[>onding  channel  on  the  petrous  portion  of  the 


•  T<:ritoriurn  c<;r(;l/;lli. 

t  For  th';  Tf:<-j:\iV\<>u  of  tho  torciilar  Heropliili. 
1  Th<;  falx  rniiitjr  of  tli<;  diira  iii!it(;r. 
I  T>i<-y  v.r'-Avf,  lh>i  poHt<;rior  lobes  of  tlio  o'T''bnim. 
fi^'i-h'^y  Io'Ik':  th<;  iK-mi.spliercB  of  the  cerebellum. 
*{  Medulla  oblongata. 
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temporal  bone  to  foim  the  inferior  petrosal  groove  ;  whicli 
lodges  a  venous  canal  (of  the  same  name). 

32.  Angles.  The  siq^erior  is  acute ;  the  inferior  is 
truncated,  being  represented  by  the  square  anterior 
surface  of  the  basilar  process ;  tins  surface  ui  the  child  is 
articulated  with  the  sj^henoid  by  cartilage,  but  forms  a 
jjerfect  osseous  union  with  it  in  the  adult.  The  lateral 
angles  are  very  obtuse,  and  correspond  in  situation  with 
the  outer  ends  of  the  transverse  grooves. 

33.  BoKDEas.  Sujierlor.  Extends  from  the  lateral  to 
the  upper  angle  on  each  side,  is  deeply  denticulated,  and 
articulates  with  the  parietal.  Inferior.  Extends  from 
the  lateral  to  the  inferior  angle  on  each  side.  It  is 
divided  into  two  parts  by  the  jugular  process,  a  short 
stout  eminence  which  projects  outward  on  each  side,  and 
has  a  scpiare  cartilaginous  surface  at  its  extremity,  to 
articulate  with  a  corresponding  surface  on  the  petrous 
portion  of  the  temporal  bone.  (61.)  Between  the  jugular 
process  and  the  lateral  angle,  the  occii^ital  articulates 
with  the  mastoid  portion  of  the  temj^oral.  Between  the 
jugular  process  and  the  inferior  angle,  the  inferior  margin 
presents  from  behind  forward,  first,  a  notch,  which,  with 
a  similar  one  on  the  petrous  jDortiou  of  the  temjjoral  forms 
\}i&fora!meu  laeermn  poster  ins ;  this  notch  is  often  divided 
by  a  little  bony  process  into  two  parts  ;  secondly,  the  side 
of  the  basilar  process,  whicli  is  rough  and  broad,  slopes 
from  behind  forward  and  inward,  and  articulates  with  the 
petrous  portion  of  the  temporal.  These  two  inferior 
borders  in.stead  of  meeting  to  form  a  true  inferior  angle 
are  separated  by  a  sc^uare  surface,  which  has  been  already 
described. 

34..  SmucTURE.  Of  a  cellular  tissue  called  the  diploe, 
between  two  compact  layers,  called  the  exterior  and  in- 
terior tables.  The  interior,  frOm  its  extreme  hardness 
and  density,  has  been  called  the  vitroons  table.  The 
exterior  is  less  dense,  but  tougher.* 

The  occipital  is  thick  at  the  ridges,  protuljerances, 
condyles,  &c.,  but  in  the  centre  of  the  foss.-B  it  is  so  thin 
as  to  be  semitransparent ;  at  these  points  it  is  destitute 
of  diploe,  and  its  two  compact  tables  come  into  contact. 
D£VEi.oi>MENT.  The  vertical  portion  is  developed  by  four 
centres  of  ossification,  which  uuite,  long  before  bii-th.  at 
the  protuberance.    The  horizontal  portion  is  develo]_iod 


•  TLds  description  applies  to  tlic  flat  cranial  boues  in  gencnal. 
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by  three  ossific  points,  one  for  each  condyle  and  a  tliird 
for  the  basilar  process.  Besides  these  seven  regular 
points,  an  additional  one  is  observed  occasionally,  m  the 
posterior  part  of  the  margin  of  the  foramen  magnum. 
Artici-lations.  With  the  parietal,  temporal,  sphenoid, 
and  atlas,  by  the  points  mentioned. 

OF  THE  SPHENOID. 

3.5.  The  Sphenoid  is  a  wedge-like  bone,  situated  at  the 
anterior  part  of  the  base  of  the  cranium,  and  articulated 
with  all  the  other  cranial  bones,  which  it  binds  together, 
so  as  to  contribute  materially  to  the  strength  of  the 
cranium.  It  has  been  compared  to  a  bat  with  the  wings 
extended ;  and,  for  convenience  of  demonstration,  may  be 
divided  into  lochj,  or  central  part;  greater  ivings,  and 
lesser  v:ings,  extending  outwards  on  each  side;  and 
p;e/-i/5"5i«Zj)roce.s.ses  projecting  below. 

'66.  BoDV.    Is  in  the  adult  continuous,  behind,  with  the 
basilar  process  of  the  occipital  (for  which  reason  Soem- 
mering and  :Meckel  have  described  the  spheno-occipital  as 
a  single  bone),  and  presents  for  examination  six  surfaces. 
ScefIces.    Superior  or  cerehral.    Presents  from  behind 
forward— first,  a  square  lamina,  inclined  forward  ;  whose 
posterior  aspect  presents  a  shallow  depression,  continuous 
with  the  basilar  groove  of  the  occipital;  whose  lateral 
borders  are  notched  for  the  passage  of  a  neiwe  ;*  and 
whose  two  upper  angles  terminate  in  two  eminences, 
which  vary  in  size,  shape,  and  direction,  and  are  called 
the  posterior  clinoid  processes  if— secondly,  a  cleep  depres- 
sion called  the  jn<«  iter;/ /o.s.sa,  or  sella  turcica,  which  is 
bounded  behind  by  the  lamina  that  has  just  been 
de.scribed,  perforated,  during  early  life,  with  many  little 
foramina,  which  transmit  nutritious  vessels  to  the  bone, 
and  filled  in  the  recent  subject  by  a  peculiar  appendage  of 
the  brain  ;1— thirdly,  a  small  tubercle  called  the  olivary 
process  ,— fourthly,  a  shallow  transverse  depression,  which 
ends  at  each  side  in  the  optic  foramen  :  it  lodges  a  ncrye,§ 
and  is  called  the  oplic  groove  .—fifthly,  a  smooth  surface, 
presenting  in  the  median  line,   a   slight  longitudinal 
eminence   separating  two  shallow  depressions,  which 
receive  two  nerveH.||    This  Hurface  is  prolonged  forward 

*  Extonial  ooiilo-muHCiilar. 
t  Thfty  attach  llio  tfrutoriiiin  corijbclli. 
X  Pituitary  Vx>'ly.        5  Optic  conimissuro.        II  Olfactorj'. 
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into  a  sharp  angle,  which  articulates  with  the  ethmoid 
bone,  and  is  called  the  athmoiddl  process.  On  each  side 
of  the  body,  just  external  to  the  sella  turcica,  there  is  a 
shallow  depression,  which  first  passes  from  behind  and 
below,  vertically  upward  ;  then  runs  horizontally  forward  ; 
and  then  bends  upward  again.  It  lodges  a  venous  sinus,* 
and  a  large  artery .f  It  is  called  the  caoernons  rjruooe. 
Posterior.  Quadrilateral ;  covered  with  cartilage  and 
articulated  with  the  basilar  process  of  the  occiiDital  during 
childhood;  continuous  with  that  bone  in  the  adult. 
Anterior.  Presents  the  opening  of  the  cavity  by  which 
the  body  is  hollowed.  This  cavity  is  divided  by  a  vertical 
plate  into  two  parts,  called  the  sph'iioUlal  sinuses.  These 
sinuses  do  not  exist  in  children,  and  their  dimensious 
increase  with  age.  Their  form  is  various  ;  they  are  often 
subdivided  by  irregular  osseoiis  lamina3,  and  the  septum 
is  frequently  inclined  to  one  side,  or  incomplete,  or  per- 
forated by  a  hole.  Their  anterior  and  inferior  walls  are 
partly  formed  by  two  thin  curved  plates,  originally 
sej^arate,  afterward  adherent,  and  called  the  sijlienoidal 
turbinated  bones.  Their  orifices,  contracted  by  these 
plates,  Q-pen  into  the  nasal  fosste.  Loiver.  Presents,  in 
the  centre,  a  j^rominent  triangular  spine,  called  the 
rosiriini,  and,  on  each  side,  a  deep  groove,  covered  by  a 
horizontal  projecting  Inmiiia.  These  parts  serve,  as  will 
be  hereafter  explained,  to  fix  on  the  vomer  (106.)  External 
to  the  lamina  on  each  side,  a  small  groove  runs  from 
behind  forward  ;  it  is  sometimes  partially  converted  into 
a  canal  by  a  thin  plate  of  bone  :  it  is  completed  in  the 
articulated  skull  by  the  sphenoidal  process  of  the  jjalate- 
bone,  (89)  transmits  vessels, J  and  contributes  to  form  the 
pterygo-palatine  canal.  (89.)  Lateral.  These  surfaces 
are  smooth  and  even,  they  give  attachment  to  the  greater 
wings  below,  to  the  lesser  wings  above  and  in  front,  and 
are  marked  by  the  cavernous  grooves  already  described. 

37.  GaiiATER  Wings.  Two  strong  processes,  which 
arise  from  the  sides  of  the  body,  pass  outward  a  little  waj^, 
and  then  curve  upward.  They  are  also'  prolonged  back- 
ward jDosteriorly,  into  a  sharjs  angle  called  the  sp!)ie  of  the 
S'phenoid,  which  fits  into  the  retiring  angle  formed  by  the 
squamous  and  pcti-ous  portions  of  the  temporal  bone,  and 
is  i^rolonged  downward  into  a  sharp  eminence  for  the 


*  Cavoruous. 


I  Carotid. 


X  Ptorygo-jjalntiuo. 
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attachment  of  a  muscle*  and  a  Ligament. f  The  greater 
wing  presents  for  examination  three  surfaces,  and  a  cir- 
cnuiference.  Surpaces.  Siiperior.  Concave  and  marked 
by  cerebral  impressions  and  arterial  grooves. 4!  Presents, 
at  its  internal  part,  proceeding  from  behind  forward,  first, 
the  joraiiieit  spinoston,  a  short  canal  (sometimes  double), 
which  pierces  the  projecting  angle  that  has  been  described 
as  the  &ptne  of  the  sphenoid,  and  transmits  an  artery  ;§ 
secondly,  the  foramen  ovale,  which  is  much  larger,  and 
transmits  a  nerve, ||  and  thirdly,  the  foramen  roiundum, 
which  strictly  speaking  is  a  canal ;  it  is  directed  forward 
and  a  little  outward,  and  transmits  a  nerve. ^  There  is 
sometimes  seen,  internal  to  the  foramen  ovale,  a  little 
hole,  the  orifice  of  a  canal  that  descends  to  the  pterygoid 
fossa  (3S;'),  and  transmits  a  small  vein ;  it  is  called  the 
foramen  Vesalii.  Inferior.  Convex,  and  divided  by  a 
transverse  ridge  into  two  jDortions ;  a  superio-;  larger, 
concave,  from  before  backward,  convex  from  above  down- 
ward, furrowed  by  arteries,**  covered  by  a  muscle,ff  and 
belonging  to  the  temporal  fossa ;  an  inferior,  smaller, 
concave,  belonging  to  the  zygomatic  fossa,  and  also  covered 
by  a  mu-scle-^^;  It  presents  the  lower  orifices  of  the  fora- 
mina, sfiinosi.i.ra  and  ovale,  and  Cjuite  at  its  posterior  part, 
the  irreirnlar  pointed  eminence  into  which  the  spine  is 
prolonged  below.  Anterior.  A  smooth,  quadrilateral 
snriace,  directed  forward  and  inward,  forming  the  chief 
part  of  the  outer  wall  of  the  orbit,  and  thence  called  the 
cirhitar  plate  of  the  sphenoid.  It  is  bounded  externally  by 
a  serrated  margin,  which  articulates  with  the  malar  bone ; 
helw:  by  a  rounded  border,  which  contribi;tes  to  form  the 
spheno-ma.rillary  fissure;  internally  by  a  sharp  edge, 
■which  forms  the  lower  boundary  of  the  sphenoidal  fissure, 
and  presents  at  its  upper  part  a  notch  (sometimes  a  hole) 
for  the  pas.nage  of  an  artery  ;§§  and  alove  by  a  triangular 
serrated  surface,  which  articulates  with  the  frontal  bone. 
The  orbitar  plate  sometimes  presents  at  its  u])[)cr  part 
one  or  two  small  holes,  which  are  called  exfcrnaL  orbitar 


*  I.axator  ti-njparii.  t  Intorrjal  lateral  of  lower  jaw. 

X  Korrnwl  by  the  mcuiiigoal  artery. 
S  Mi'-lfllf  meningeal.  ||  'I'liird  diviHion  of  .01  li. 

*]  Seeorifl  fli  vision  of  .0th.  •*  I)eep  temporal, 

tr  'I'femporal.  jj  lO.xlertiiil  plurygoid. 

}■}  A  branch  of  tho  oplithttlmic. 
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foramina,  and  transmit  small  arteries  *  CrRCUMFEKEXCE. 
Prom  the  body  to  the  spine  of  the  sphenoid,  the  greater 
wino-  presents  a  short  thick  margin,  the  outer  hall  ot 
which  ai-ticnlates  with  the  petrous  portion  of  the  temporal ; 
whUe  the  inner  half  contributes  to  form  the  foiwnen 
lacerimi  medium  (69),  and  presents  the  posterior  onhce  ot 
the  vidian  ca.nal  (39)  (surmounted  by  a  little  triangular 
process,  which,  when  the  bones  are  united,  divules  XiiQ 
foramen  lacerum  medium  into  two  parts).    External  to 
the  spine,  the  circumference  of  the  greater  wmg  presents 
a  concave  serrated  border  which  articulates  with  the 
squamous  portion  of  the  temporal.    It  is  bevelled  at  the 
expense  of  the  inner  surface  below,  and  of  the  outer 
surface  above,  so  that  these  bones  mutually  overlap  each 
other.    At  the  tip  of  the  greater  wing  is  a  short  margin 
which  is  bevelled  at  the  expense  of  the  inner  surface,  and 
articulates  with  the  anterior  inferior  angle  ot  the  parietal 
Anterior  and  internal  to  this,  the  circumference  presents 
a  serrated  triangular  space,  which  separates  the  thice 
surfaces  of  the  greater  wmg,  and  -^Kula  es  wi  h 
fi-ontal :  it  forms  the  nfprr  boundary  ot  the  oibitai  plate, 
and  is  continuous  internally  with  a  thin  margm.  which 
the  i«.,^er  boundary  of  the  orbitar  p  ate,  and  eonti  but.  - 
to  form  the  sphcnoidcd  fssnre.    This  '^''f f ' 
downward  and  inward,  joms  the  body  ot  the  sphenoi.l, 
and  completes  the  circumference  of  the  f  ^ater  wmg. 

33  Lesser  Wings,  or  Processes  of  Ingras.ia.s  iwo 
small  pointed  processes,  each  of  which  "«es  from  the  d 
of  the  body  (at  a  point  anterior  and  superior  to  the  oug  n 
of  the  o-veater  wino-)  by  two  roots,  between  which  is  th^ 
I  ™,T™un5  hole  directed  forward  outwai-,L 
and  a  little  downward,  for  the  transmission  ot  a_  ne  vet 
nud  \n  artery  +    The  uppar  root  is  thm  and  horizontal 
the  is  ^Mck,  obliatii,  often  hollowed  by  a  cavH 

which  forms  part  of  the  sphenoidal  sinus  (30).  and  marko 
Tn  front  by  a  little  tuLrle  which  attaches  a  tendon 
common  to\hree  muscles  of  the  eye.§    They  suppo  a 
Sitilar  phite  of  bone,  which  has  two  .^rjaccs, 
tiiaugniai  p  Surfaces.    SiqnTun:  Is 

Sh:  ^Ir'arnally  than  externally,  and  forms  parf 

.  Bra„Hu.s  of  Ibo  .niddlo  meuiogo:,!.  ouo  of  M  snppli.s  the 
lacbrynKil  filiuid.  ^  OjilillKiliiiic 

§  Inlerl^al'xlorual,  a.d  intonov  recti  nmsclos  of  the  eye. 
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of  the  anterior  fossa  of  the  floor  of  the  cranrani.  Inferior. 
Resembles  the  former  iu  shape,  contributes  to  the  roof  of 
the  orbit,  and  forms  the  upper  boundary  of  the  si^lw-noidal 
fis->''.'.re,  or  foraiiien  lacertun  anterius  ;  which  is  a  triangular 
fissure,  lying,  apex  outward,  between  the  greater  and 
lesser  wings  of  the  sphenoid,  and  forming  a  communication 
between  the  cranium  and  orbit.  Bokdehs.  Posterior. 
Concave  and  rounded,  con-esponding  to  a  fissiire  of  the 
brain.*  Anterior.  Convex,  and  bevelled  at  the  expense  of 
the  lower  surface,  to  overlap  the  orbitar  plate  of  the 
frontal,  with  which  it  articulates.  Extrehities.  Outer. 
Terminate  in  thin  sharp  points.  Inner.  Are  thick  and 
blunt,  and  extend  backward  over  the  sella  turcica,  under 
the  name  of  the  anterior  clinoid  processes  ;  they  frequently 
imite  with  the  posterior  clinoid  processes. 

39.  Pterygoid  Processes.  Each  j^rojects  vertically 
downward  from  the  point  where  the  body  and  greater 
wing  unite.  It  is  hollowed  behind  by  the  pterijr/oid  fossa, 
which  iis  filled  by  a  muscle,t  and  divides  the  process  into 
two  lamime,  an  externcd  and  an  internal.  The  external 
lamina  is  wider,  shorter,  and  tui-ned  a  little  outward ;  its 
outer  surface  belongs  to  the  zyrjomatic  fossa  (138),  and 
gives  attachment  to  a  muscle  and  its  inner  surface 
contributes  to  the  pterygoid  fossa  just  mentioned.  The 
internal  lamiiia  is  much  narrower  and  longer,  C]uite 
parallel  with  the  median  plane,  and  curved  outward  below 
into  the  ho.riiv.Uxr  process,  a  little  hook  round  which  a 
tendon  §  turns ;  by  its  outer  surface  it  contributes  to  the 
I>ieriif/oid,  by  its  inner  to  the  nasal  fossa;  while  its 
posterior  edge  forms  the  outer  boundary  of  the  posterior 
aperture  of  the  nasal  fossa,  and  gives  attachment  to  a 
ma.HcIe.'l  This  plate  moreover  presents  at  its  upper  part 
the  nco.phoid  depression,  an  oval  shallow  cavity,  wliich 
gives  insertion  to  the  muscle,^  whose  tendon  plays  round 
the  harnular  process.  Above  the  scapjhoid  depression  is 
seen  the  rx^sterior  orifice  of  the  vidian  ca.nal,  which  per- 
forates the  root  of  the  pterygoid  process  from  liefore 
W;kward,  and  transmits  vessels  and  nerves  of  the  same 
name,  'fhe  pterygoid  process  presents  in  front,  fi-om 
above  downward ;  first,  the  anterior  orifice  of  tlu;  vidian 


*  Fisqnra  Hylvii.  t  lul'.'nial  pterygoid. 

;  Intenial  pf/:ry(^tii'l.  §  Of  t,li<;  circiiiiifli'XHH  pidiili. 

II  Suj<<;ri'>r  constri'-t.or  of  tli<!  iiharyux. 
•[  Gircurafloxu.s  palali. 
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canal ;  sccoucUy,  a  marqin  which  articulates  with  the 
perpendicular  plate  of  the  palate  bone  (89) ;  aud  thirdly,  a 
cleft  (formed  by  the  bifurcation  of  the  two  plates),  into 
which  the  tuberosity  of  the  palate  bone  is  received. 
Superior  and  external  to  the  anterior  aperture  of  the 
vididn  canal  appears  the  anterior  orifice  of  the  ^foraraen 
rotnitdwn;  a  relation  which  it  is  important  to  rememljer. 

Structure.  Cellular  in  its  thicker  parts;  elsewhere 
compact.  Development.  By  seven  points:  one  i:or  the 
body  ;  one  at  the  base  of  each  lesser  wmg  ;  one  at  the  root 
of  each  pterygoid  process;  and  one  for  each  internal 
pterygoid  plate.  The  sinuses  are  gradually  developed  by 
ao-e.  AiiTicuLATiONS.  With  the  ethmoid,  frontal,  parietal, 
temporal  and  occipital  bones ;  also  with  the  ■  vomer, 
sphenoidal  turbinated,  malar,  and  palate  bones. 
times,  moreover,  it  joins  the  upper  masiUary,  by  the 
anterior  border  of  the  pterygoid  process,  or  by  the  orbitar 
plate  (8Li). 

OP  THE  ETHMOID. 

40  The  Ethmoid  is  a  light  cubical  bone,  situated  at  the 
anterior  part  of  the  base  of  the  cranium,  aud  consisting 
of  a  verticcd  plate,  which  forms  part  of  the  septum  of  the 
nose;  a  horizontal  plate  contributiug  to  the  base  of  the 
cranium  ;  two  huncUes  of  cells  hanging  from  the  sides  ot 
the  horizontal  plate  ;  and  an_  eminence  called  the  crista 
qalll,  proiecting  into  the  cramum. 

41  HoiuzosTAL,  or  Cribrieorm  Pl.^te.  Fills  up  the 
ethmoid  notch  of  the  frontal  bone,  and  presents  above ; 
first,  in  the  middle  a  triangular  crest  of  variab  e  size  and 
form,  called  the  crista  gallL  The  lower  border  of  this 
crest  ioins  the  cribriform  plate;  the  posterior  long,  thin, 
and  siauting,  gives  attachment  to  a  told  of  fibrous  mem- 
brane :*  the  anterior,  short,  thick,  and  vertical,  articu- 
lates with  the  frontal  bone.  Its  summit  present.?  two 
little  eminences,  which  generally  contribute  to  form  the. 
foramen  cuscaia  (48);  its  sides  are  convex  and  smooth 
On  each  Bide  of  the  crista  galli  the  cribriform  pla  e  > 
concave;  pierced  with  the  olfactonj  holes  tor  the  trans- 
mTs  on  rf^nervous  filameuts.f  aud  perforated  in  iront  bv  a 
^nall  /iss are  for  a  particular  nervcj  On  each  su  e  ot  tlie 
"Sbrm  plate  are  several  half  cells,  completed  by  simi- 

*  mx  major  of  dura  nniter.  .  .     t  Olfncforv. 

t  Nasul  twig  of  oplilUalmic  division  ul  otU. 
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lar  ones  on  the  frontal ;  and  two  small  grooves  passing 
from  within  outward  and  backward,  wliich  witli  the  frontal 
form  the  internal  orhitnl  foramina  (more  properly  called 
eau'd--').  The  anterior  is  often  connected  ^vith  the  _/issf.7'e 
just  mentioned  by  an  oblique  (jroove,  which  lodges  the 
nerve  that  they  both  transmit.*  The  posterior  gives 
passage  to  a  small  artery  and  vein. 

•1-2.  Vertical  Plate.  Joins  the  transverse  by  its  upper 
border ;  by  its  lower,  which  sloj^es  downward  and  for- 
war  l.  it  articidates  with  the  vomer ;  by  its  posterior, 
•which  is  vertical,  it  corresponds  to  the  septum  of  the 
sphenoidal  sinuses ;  wlaile  its  anterior  is  divided  into  two 
parts  ;  an  upper,  shorter,  and  sloped  forward,  which  arti- 
culates with  the  frontal  spine,  and  the  crest  of  the 
nasal  bones ;  a  lower,  longer,  and  sloped  backwards,  to 
•vrhich  a  cartilagef  is  attached.  On  the  sides  of  the  ver- 
tical plate  are  seen  grooves,  and  the  orifices  of  canals 
whose  upper  extremities  appear  on  the  cribriform  plate. 
They  transmit  nervous  filaments. 4! 

•ly.  Lateral  Masses.  Each  presents,  externally,  a 
smooth  square  ^  plate  called  the  os  planum,  which 
forms  part  of  the  inner  wall  of  the  orbit.  In  the  iqrper 
Cfb^e  of  this  plate  are  seen  the  notches  that  concur  to  form 
the  apertures  of  the  internal  orbitar  canals :  before  and 
behind  it  are  several  half  cells,  the  anterior  closed  by  the 
lachr>Tnal,  the  posterior  by  the  sphenoidal  turbinated 
bone  :  hdoy:'  it  is  an  uneven  surface,  by  which  it  unites, 
in  front  with  the  upper  maxillary,  and  behind  with  the 
IKilato  bone.  The  inner  surface  of  each  bundle  of  cells 
(i.^.  the  side  next  the  perpendicular  plate)  presents  at  its 
■npf^^r  and  posterior  part  a  curved  lamina  called  the  supe- 
nor  tii/rhinoJed  hon",  of  the  ethmoid,  overhanginrr  a  horizon- 
tal groove  called  the  HUfierior  meatus,  in  which^is  seen  the 
orifice  of  the  fioaf'-rior  ethmoid  cells.  Below  this  a,i)pears  a 
gecond  cur^-ed  larnina  (twice  as  long  as  the  first),  called  the 
middl'i  tii.rhiimled  howi  of  the  ethmoid,  whose  lower  margin 
is  free  and  thick,  and  whose  concavity,  directed  outwa'i-d, 
contributes  to  form  the  nuddle  meutnn,  another  horizontal 
groove  which  presents  in  front  the  orifice  of  the  anterior 
ethrnoKl  o.fWn.  'f'he  whole  of  this  surface  is  rough,  and 
marked  with  grooves  and  orifices,  which  transmit  little 
nervcH.    llie  cells  lA  each  bundle  are  divided  by  a  bony 


•  N'asal  lvf\^  of  opfitlialmic  division  of  hih. 
t  Tnangular  cartilago  of  tlio  rios<j.  |  Olfactorj-. 
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lamina  into  two  sets,  wHicli  do  not  commimicate  with 
each  other.  The  postorior  are  the  smaller  and  lebs 
nnmerous they  open  into  the  npper  meatus  and  either 
commnnic^teith  the  sphenoidal  smuses  ^M  or  nre 
closed  Iw  the  sphenoidal  turbinated  bones,  oi  by  a  plate 
Son  nl  to  the  ethmoid  itself.  The  antenor  are  moi-e 
rmmeroik  and  one  of  them,  which  is  long  and  flexiious 
op  n  ng  into  the  frontal  sinus  above  and  mto  the  middle 
uLtus"  below,  is  called  the  "^'^nveicf  I  v  th 
these  there  are  some  little  half  cells,  '^o^'^'^f  ^'Y^^^g 
ascending  process  of  the  upper  maxillary.  So  that  m  the 
unTted  skull  the  ethmoid  cells  are  completed  by  the 
si:;erior  maxillary,  lachrymal  and  l-Me  bones; 
and  generally  also  by  the  sphenoidal  t^u-bmated  bones 

44  Structure.  Of  compact  tissue.  DEVELorME>T. 
By  thrc?  points,  one  for  the  middle,  ^nd .  one  for  each 
lateral  portion.  Solid  and  cartdagmous  m  the  child, 
t  becomS  in  the  adult  light,  laminated  and  cellular. 
1ut"xions.  With  thesphenoid,  frontal,  upper maxil- 
Wy  Sior  turbinated,  vomer,  nasal,  lachrymal,  and 
i-^'+P  bones-  also  with  the  sphenoidal  turbinated 
t:el  Sh  often  form  a  complete  osseous  union 
with  it. 

OF  THE  FRONTAL. 

This  bone,  resembling  a  cockleshell  in  shape,  and; 

ti  *';,riC'iA  ^^^^^^^^  ■ ' 

4b.  -ttowzoNL-vb  X  middle  the  ethmoid  iiofcli  f 

downward  and  P^^^''^*  ^^^^^^^  the  bones  are  united  t 

by  the  ciiLiutoim  pia  ^^^^  eminence  i 

notch  appears  ^^'^J'^'^'V^^^  v 
which  projects  downwaid       ^^^^^^^^  '  i^.^nd  with  th 

''''''  "ituSr  £e  o  tt  ethmoid.  0^  each.side  of  th. 
perpendicula  g^e  the  frovtal  sinusc,;  U 


bonos 


fragile,  and  generally  broke,  off  in  the  separation  of  th:  1 
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the  bone,  and  communicating  with  the  infundibulum 
(43).  The  situation  of  these  sinuses  is  indicated  on  the 
exterior  of  the  bone  by  two  projections,  observed,  more  or 
less  distinctly  in  different  skuUs,  just  above  the  root  of 
the  nose,  and  called  the  nasal  eminences.  To  return  to 
the  e  til  mo  id  notch  ;  it  is  bounded  on  each  side  by  a  narrow 
space,  which  overlaps  the  upper  surface  of  the  ethmoid, 
presents  several  half  cells  which  cover  the  corresponding 
half  cells  of  that  bone,  and  also  two  grooves  which  are 
completed  by  grooves  of  the  ethmoid,  already  described, 
and  contribute  to  foi-m  the  internal  orhitar  canals  (41). 
Still  further  outward  this  aspect  presents  on  each  side  the 
orhitar  vai.dt,  a  smooth,  triangular,  concave  surface,  which 
presents  at  its  anterior^  and  external  part  the  lachrymal 
fossa,  a  shallow  depression  for  the  reception  of  a  gland  ;* 
1  at  its  anterior  and  internal  part  a  slight  tuhercle  (or  de- 
\pression)  for  the  attachment  of  a  fibrous  pidley,  through 
'which  the  tendon  of  a  small  musclef  is  rejected. 

47.  V  ertical  Portion.    Exterior  aspect.    Presents  in 
the  meiiian  hue,  during  childhood,  a  vertical  suture,  which 
•nsnally,  but  not  always,  disappears  iu  the  adult.    At  the 
lower  end  of  this  suture,  and  just  above  the  nasal  notch, 
i^e  the  nasal  eminences  above  described.    On  either  side, 
tand  proceeding  from  above  downward,  are  seen,  first,  a 
smooth  surface,  covered  in  the  recent  subject  by  the 
aponeurosis  of  a  muscle  ;J  secondly,  the  fronted  protube- 
rance, a  rounded  eminence,  which  indicates  the  point  where 
ossification  commenced,  and  is  very  distinct  during  child- 
hood ;  thirdly,  the  supra-ciliary  ridge,  a  cuiwed  transverse 
eminence,  corresponding  to  the  eyebrow,  continuous  at  its 
mner  extremity  with  the  nasal  eminence,  and  separated 
from  the  frontal  protuberance  by  a  slight  depression; 
fonrthly,  the   S'qrra-orhital  arch,  a  cui-vcd  transverse 
-  .'irjpn  which  separates  the  vertical  from  the  horizontal 
.  Mrtion  of  the  bone,  forms  the  anterior  boundary  of  the 
'I  orbitar  surface,  and  presents  at  the  junction  of  its  inner 
and  middle  third.s  a  notch,  which  is  converted  iuto  a  hole 
'.her  by  a  bony  process,  or  a  ligament,  stretcliing  across 
It  goes  by  the  name  of  the  svqira-orhitur  r.ntcli  or 
f'/ram'^a,  and  serves  for  the  transmission  of  vessels  and  a 


*  This  can  .B^arc-ly  h«  calltrl  a  Hoparat,-;  f(,nHa  ;  it  i.s  ratlior  as 
^rof .  f'artnrl^o  ha.=.  observed,  a  deeper  part  of  tlie  general  coucavity 

t  Obliqaus  snj>erior  ocull  t  Temporal. 
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nerve  *  The  snpra-orbitav  arch  is  surmonnted  by  a  slight 
transverse  depression  which  separates  it  from  the  supra- 
ciliary  arch;  and  it  terminates  at  each  end  m  a  serrated 
proceis  :  these  processes  are  called  respectively  the  ndcr- 


2}roccss 


is  thick,  prominent,  and  articulates  with  the  malar 
bone.    Eunning  upward  and  backward  from  it  there  is  a 
prominent  curved  liu.e,  called  the  fevqn_,ml  ridge, 
?oins  a  corresponding  ridge  on  the  parietal  heme,  and  give 
ittachment  to  a  fascia-f    Behind  and  below  this  ridge  the 
bone  is  slightly  concave,  forms  part  of  the  temporal  tossa, 
and  XesSrigintoamuscle.    The  internal  auguJar  jn-o- 
cesti  are  less  prominent  thn,n  the  external,  and  articulate  , 
with  the  lachrymal  bones.    Between  them  .s  a  rough  ser- 
™ted  interval;  called  the  nasal  uo/J),  which  articnlutes 
in  the  middle  ;ith  the  nasal  bones,  and  on  each  side  with 
the  nasal  process  of  the  upper  maxillary. 

48  Vki  tical  Portion.    Interior  a^peet.     Mai  Led  m 
the  mi  Idk  with  a  vertical  groove,  which  is  called  sidcus  | 
Z,Uadinolis,  or  the  grooeo  /or  the  ^oy^^'^^^dsi^ 
and  lodo'es  the  venous  canal  of  that  name.    Se.  ei  al  sma^ 
kTe-uWly  shaped  fossas,  for  the  reception  ot  certain  little 

piuf.^.  sKlepl-  tbe  lougitiidmal  miIcai^  s  a 


t  Teiniioral. 

*  -^''"'r        mattT  ?  TUc  tip  of  the  f;ilx  major. 

J  Falx  major  of  dura  matt  r.  i 


II 


PARIETAL  BONES. 


33 


'urred.  cut  obliquely  at  tlie  expense  of  the  interior  surface 
LLi'ove.  of  the  exterior  below ;  articulated  with  the  jjarietal 
bones,  which  it  supports  below,  but  overlaps  and  rests 
upon  above.  This  margin  terminates  below,  on  each  side, 
;a  a  triang-ular  rough  surface,  which  articulates  with  the 
greater  w-ingof  the  sphenoid.  Hiirir.ontal  portion.  Thin, 
nearly  straight,  interriipted  in  the  middle  by  the  eth- 
moidal notch,  bevelled  at  the  expense  of  the  interior 
surface,  and  articulated  with  the  lesser  wings  of  the 
sphenoid. 

•51.  Structure.  Horizontal  iiortion.  Of  a  thin  com- 
pact lamina.  Vertical  iJortiou.  Of  a  cellular  diplo'e, 
■  intained  between  two  compact  tables,  °of  which  the 
"Vterior  is  thick  and  tough,  the  interior  thin,  but  very 
hard  and  brittle,  hence  called  vitreous*  Deyelopjient. 
lu  two  separate  pieces,  by  two  points  of  ossification, 
situated  at  the  frontal  eminences.  Artici  latio.xs.  With 
the  parietal,  sphenoid,  ethmoid,  nasal,  superior  maxillary, 
kchrv-mal,  and  malar  bones,  by  the  points  described. 

OF  THE  PAEIETAX  BOXES. 

52.  A  pair  of  large  flat  bones,  situated  at  the  upper 
nd  lateral  parts  of  the  cranium,  irregularly  cpmdrilateral 
.  form,  and  presenting  for  examination,  two  surfaces, 
.  /ir  aw jl':^,  and  four  ed'jes. 

o3.  .SURFACES.    Exterior.    Convex,  smooth,  presenting 
m  the  midflle  an  eminence  called  the  paridal  prot?iJje- 
nnrA,  which  surmounts  a  curved  ridr/e,  continuous  with 
•::(;  f.fMpora.l  rid/fe  of  the  frontal,  (17)  and  forming  the 
if^rior  limit  of  an  uneven  surface,  which  is  marked  with 
:  -r.',Tial  furrows,  gives  attachment  to  a  muscle,t  and 
longs  to  ihi:  l.'napijra.l  foHHO..   Interior.    Concave,  marked 
:th  cerebral  impressions,  and  with  arterial  furrows  which 
.  n  upward  and  backward  from  the  anterior  infei-ior  angle. 
'.  .ong  the  upper  margin  runs  a  half  groove,  which,  with 
similar  one  on  the  opposite  borjc,  forms  a  longitudinal 
•  rrow,  continuous  with  the  longitudinal  furrow  of  the 
:-'.ntal  before,  and  with  the  longitudinal  furrow  of  the 
'';cipital  behind;  it  transmits  a  venous  sinus. :J:    On  each 


This  ?tnjcturo  i.s  a  g<:ri'jral  charactoristin  of  th"  flat  bonos  of 
•  ..')  craniurn. 

t  Ttje  temporal.  j  longitudinal. 
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side  of  this  groove  are  seen  several  small  Pacchionian 

fossw.  (4-8).  .  T  ,    n     ,  • 

54  Edges.  Superior.  Tte  longest ;  straight,  denticu- 
lated, and  ioined  to  the  opposite  bone  to  form  the  sagittal 
suture.  Inform:  Divided  into  three  portions;  an  an- 
terior, straight,  thin,  bevelled  at  the  expense  of  the  outer 
surface,  and  overlapped  by  the  end  of  the  greater  ynng 
of  the  sphenoid;  a  ■middle,  curved,  thm,  bevelled  at  the 
expense  of  the  outer  surface,  and  overlapped  by  the 
squamous  portion  of  the  temporal  ;  a  posiw, or  straight, 
thick,  serrated  and  articulated  with  the  mastoid  portion 
of  the  temporal.  Anterior.  Joins  the  trontal,  forming 
the  coronal  suture;  it  is  cut  obliquely,  m  such  a  manner 
as  to  overlap  the  frontal  below,  to  be  overlapped  by  t 
above.  Posterior.  Joins  the  occipital,  forming  the  lavib- 
doidal  suture.  The  parietcd  foramen,  a  hole  for  the 
transmission  of  a  vein,*  is  seen  at  the  upper  part  of  this 
suture,  or  at  the  upper  part  of  the  parietal  bone  near  it 

55.  Akglks.  Anterior  superior.  A  right  angle  substi- 
tuted in  childhood  by  a  membranous  part,  called  the 
superior  fontanelle.  Anterior  infei-ior  Prolonged  down- 
ward and  forward  to  fit  into  the  angle  between  the  fronta 
and  sphenoid,  and  marked  interna  ly  ^^y^"^^^l 
eroove  t  Posterior  si^perior.  An  obtuse  angle,  ;^hich 
corrSnds  to  the  i  unction  of  the  sagittal  and  lambdoidal 
sutures  (64)  Pc^terior  h,ferior.  A  truncated  angle, 
whth  oins  he  mastoid  portion  of  the  temporal,  and  is 
grooved  horizontally  by  a  venous  channell  contmnous 
^Xthe  transverse  one  that  has  been  described  on  the 

D.^S]rM.NT.  By  one  point  of  ossification^  atthe 
varietal  protuberance.  Articulations.  Io  its  fellow  to 
Ihe  fVontal,.  sphenoid,  temporal,  and  occipital,  by  the 
points  described. 

OF  TUE  WORMIAN  BONES. 

57  These  are  irregular  bones,  of  variable  form  and 
occurring  in  the  sutures  of  the  craniuui,  and  chiefiy 
tiieZ       and  lambdoidal,  (G4)    The  upper  anglc^o 
occipital,  and  the  anterior  superior  angle  of  the 


*  One  of  the  emissnry  veius  of  Simtoriui. 
,  For  iUo  uudSrmtiug.:a  artcn^'.    t  For  the  fansvcrso  s.uus. 
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parietal,  are   sometimes   substituted   by  quadrilateral 
^VormiL^n  bones  of  cousiderable  size.    The  extremity  of 
the  greater  wing  of  the  sjohenoid,  and  the  anterior  inferior 
Lingle  of  the  parietal,  are  also  occasionally  formed  by 
Wormian  bones.    I  have  seen  a  skull  in  which  one  half 
L'l  the  lambdoid  suture  was  formed  by  large  Wormian 
■ines.  disposed  in  a  double  row,  and  jutting  deeply  into 
:ich  other.     Dumontier  mentions  a  similar  one ;  and 
Bourgery  refers  to  another  specimen  of  the  same  kind  in 
the  Anatomical  Museum  of  Val-de-Grace.    Bcclard  has 
:-scribed  a  skiiU  in  which  the  whole  of  the  occipital 
une  above  the  upper  curved  lines  was  formed  by  two 
-arge  triangular  Wormian  bones,  united  by  a  vertical 
-  iture,  continuous  with  the  sagittal.    I  have  seen  a  skull 
.'iow,  I  believe,  in  the  possession  of  Dr.  Todd)  which 
resents  a  similar  arrangement.     In  other  instances, 
:-ey  are  no  bigger  than  a  pin's  head,  very  numerous,  and 
rmed  entirely  in  the  outer  table.     According  to  M. 
ij.oquet,  they  never  occur  at  the  base  of  the  cranium, 
and  seldom  in  heads  of  a  rounded  form.    My  own  obser- 
vations compel  me  to  differ  from  M.  Cloc^uet  on  both 
points.    I  have  examined  moi-e  than  100  skulls  of 
irious  nations,  and  have  often  found  the  Wormian 
,ne.-  numeroas  in  rounded  heads,  and  comparatively  few 
.  others  of  an  oblong,  or  misshapen  form.    To  take  a 
:agle  instance;  the  Turkish  skull  in  the  Museum  of 
Bartholomew  Hospital  (marked  No.  21)  presents  four 
'  ••rge  Wormian  bones,  and  several  smaller  ones;  while 
:  the  African  skulls  there  are  two  (Nos.  2  and  10)  which 
.ntain  scarcely  any  of  these  bones.    Yet  the  former  has 
globular  shape  peculiar  to  the  skulls  of  the  Turkish 
:tiori ;  and  the  two  latter  are  well-marked  specimens  of 
elongated  negro  cranium.    Again,  I  have  a  sphenoid 
■/ne,  whose  lesser  wing  presents  a  sniall  Wormian  bone, 
.'/w  adherent  by  a  kind  of  suture,  but  evidently  developed 
'igirially  as  a  separate  piece.    And  I  have  also  found 
■•i  the  Miiseurn  of  King's  College)  a  skull  in  which  the 
.ture  between  the  sphenoid  and  ethmoid  bones  presents 
•  ep  denticulations  (some  a  quarter  of  ;u]  inch  huig),  aTul 
'ritfiins  four  distinct  Worrniiin  bones.     I  mention  these 
:';ts  because  they  ;i.pi>ear  to  suggest  somi'  modification  of 
■":  received  theory  of  the  formation  of  Wormian  bones, 
f  shall  endeavour  to  show  in  unoWn-r  pliice.  Thc^ir 
e  IS  questionable.      liichiit    believes    that    Ihey  iire 
•;signed  to  strengthen  tlie  cranium.   I  am  rather  inclined 

u  2 
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to  think  with  Cruveilhler,  that  they  are  irregular  produc- 
tions, not  at  all  essential  to  the  mechanism  ot  the  skull; 
for  they  are  sometimes  quite  smooth  and  uudenticu  atecl 
at  the  margin;  and,  when  small,  ai;e  olten  enclosed 
between  the  denticulations  of  one  and  the  same  bone. 
To  which  may  be  added,  that  when  they  are  unequally 
distributed  over  the  cranium,  we  do  not  find  the  side  m 
which  they  are  most  numerous  stronger  or  more  ditiicult 
to  disarticulate  than  the  other.   However,  I  have  observed 
in  several  skulls  a  pair  of  oval  Wormian  bones,  equal  m 
size,  and  placed  one  on  each  side,  about  an  inch  and  a 
half  from  the  median  line,-the  same  point  at  which  a 
remarkably  large  and  long  denticulation  is  frequently 
seen.    Certainl|,  it  is  possible  that  m  such  instanc 
they  may  act  somewhat  in  the  manner  oi  cramps,  to  hold 
the  occipital  and  parietal  bones  together. 

In  stmcture,  development,  and  mode  of  articulation, 
they  resemble  the  other  cranial  bones. 

OF  THE  TElirORAL  BONES. 

58.  A  pair  of  complex  bones,  situate^!  at  the  lateral 
and  inferior  parts  of  the  cranium,  and  divided  into  thi 
portions  ;  the  squamous,  anterior  and  superior  ;  the 
WoS  posterior  ;  and  the  petro.s  projecting  interna  ly 
^om  the  point  of  junction  of  the  two  former  ;  the  e 
parts  separate  in  childhood,  form  but  one  piece  in  the 
Llult.    Their  surfaces  and  borders  will  be  described  m 

'TrSQUUious  PoBTioN.  ExterioT  smiace.  Smooth, 
convex  and  marked  slightly  with  arterial*  ^TtrZ: 
nrves  attachment  to  a  muscle,t  forms  part  of  the  tem- 
tnU  fossa  and  is  divided  from  the  mastoid  portion  by  a 
poiai  lossa  '  continuous  with  one  on  the 

™fnl'£  aponeurosis,!  and 

Form  te  po  tWoi  bouu  of  the  temponxl  fossa.  At 
tonus  I'^e  pos^^  ,  ,  g^tcrior  surface  arises  the  -ij.jomalK 
the  lower  pait  of  the  cxtu  ^^^^  ^^^^^^ 

process;  ^  A^^^^'^Xich  runs  first  outward  and  then 
and  two  ^'if^  .J^^^o  twisted  that  while  running 


•  Of  tUo  deep  temporal  artei-ios.  t 
X  TUo  touipor;u. 


The  temporal  muscle. 
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The  upper  edge  of  this  process  is  long,  thin,  level,  and 
attaches  an  aponeurosis ;  *  the  loiver  is  short,  thick, 
curved,  and  gives  origin  to  a  muscle.f  The  outer  surface 
is  convex  and  subcntaneoiis,  the  inner  concave.  The 
^.dremittj,  cut  obUquely  at  the  expense  of  the  lower  edge, 
and  (generally)  of  the  outer  surface,  is  serrated  for 
articulation  with  the  malar  bone.  This  process  arises  by 
two  roots,  the  description  of  which  shall  follow  that  of 
the  glenoid  cavit;/.  This  is  an  oval  depression,  directed 
downward,  forward,  and  a  little  outward,  and  divided  by 
a  narrow  slit,  called  the  Qlaserian  fissure,  into  two  parts  ; 
an  anterior,  formed  in  the  squamous  portion,  and  covered 
with  cartilage,  for  articulation  with  the  condyle  of  the 
lower  jaw:  a  posterior,  less  even,  and  non-articular,  which 
is  formed  chiefly  by  the  vaginal  process  of  the  petrous 
portion,  and  lodges  part  of  a  gland.J  The  Glasericm 
fissure,  which  eiJects  this  division,  leads  into  the  tym- 
panum, and  transmits  a  tendon,  a  bony  process,  and 
some  vessels.  (146)  Of  the  roots  of  the  zygomatic 
proce.ss,  the  anterior,  which  is  also  inferior  and  transverse, 
forms  the  front  boundaiy  of  the  glenoid  cavity,  is  covered, 
in  the  recent  state  with  cartilage,  and  is  continuous  with 
a  ridge  that  runs  horizontally  forward  on  the  temporal 
bone,  to  join  the  horizontal  ridge  seen  on  the  outer  sur- 
face of  the  great  wing  of  the  sphenoid  :  (37)  the  posterior, 
also  superior,  subdivides  into  two  branches ;  an  inferior, 
short  and  tubercular,  which  terminates  at  the  outer  end 
of  the  Gla.serian  fissure :  a  superior,  likewise  posterior, 
which  HweepH  upward  to  the  circumference  of  the  bone ; 
being  in  fact  identical  with  the  curved  line  that  has  been 
already  described  as  dividing  the  mastoid  from  the 
squamous  portion.  Just  where  the  anterior  and  posterior 
roots  unite  to  form  the  zygomatic  process,  there  is  a 
tnb';rcle  for  the  attachment  of  a  ligament.§  Interior 
asperf.  Concave,  marked  with  cerebral  impressions 
and  arterial  furrows.  linrder.  Tliin,  semicircular,  and 
bevelled  at  the  expense  of  the  interior  surface,  at  the 
upper  part,  where  it  overlaps  the  parietal,  and  forms  the 
■'"[x\;i.m<,nH  .suture;  (04)  thick,  denticulated,  and  bevelled 
:lternately  at  the  expen.se  of  the  interior  and  exterior 
urface,  at  it.s  bnr.i-r  and  a/af.erior  part-,  where  it  articulates 
■'ith  the  .sphenoid. 


•  The  kmporal.  t  T)i'-  m.issr-tor.  t  Tho  parotid. 

§  F^xt'jmal  lateral  of  lower  jav/. 
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60.  Mastoid  Portion.  Exterior  asfed.  Presents,  at 
its  upper  part,  a  rough  surface,  perforated  by  a  hole 
called  the  mastoid  foramen.  This  hole  transmits  vessels  ;* 
its  position  and  size  are  irregular  ;  it  is  often  found  m  the 
suture  between  the  mastoid  portion  of  the  temporal  and 
the  occipital.  The  mastoid  portion  is  prolonged  mferiorly 
into  a  large  conical  eminence,  called  the  mastoid  process. 
This  process,  which  presents  many  varieties  of  size  and 
form  in  different  individuals,  gives  attachment  to  several 
muscles.t  Interior  as^nxt.  Presents,  above,  a  deep, 
curved,  venous  channel  (into  which  the  mastoid  toramen, 
iust  described,  opens).  This  channel  is  continuous  with 
the  transverse  groove  formerly  described  on  the  occipital 
(31)  and  parietal  bones,  (55)  and  transmits  the  same 
sinus.t  Below  it  appears  the  internal  side  of  the  mastoid 
process,  marked  with  the  digastric  groove,  which  ^ttiiches 
a  muscle  of  the  same  name;  and,  more  internally,  with 
the  occipital  qroooe  (parallel  to  the  former,  but  much 
smaller,  and  often  not  distinctly  seen),  which  trausmit^s 
an  artery  of  the  same  name.  Borders.  Eough  and 
serrated  ;  the  superior  articulates  with  the  parietal ;  the 
posterior  with  the  lower  border  of  the  occipital,  between 
Its  iugular  process  and  transverse  angle.  Mgle.  this 
is  the  hindmost  point  of  the  bone,  formed  by  the  junction 
of  the  two  borders  just  described. 

61  Petrous  PoiiTioN.  A  very  hard  pyramidal  process, 
which  contains  the  organs  of  hearing,  and  presents  ior 
examination  a  lase,  a  truncated  ape.'^ee  edges,  and 
three  sarfaces.  Of  these  surfaces  the  anterwr  and 
rosier  ior  are  situated  within  the  cranium  ■.  wbile  the 
Uerior  is  seen  on  its  exterior  aspect.  The  exaet  direction 
of  the  three  surfaces  is  as  follows.  The  .m/cr^or  oois 
upward  and  inward,  as  well  as  forward  ;  the  posterior 
looks  upward  and  outward  as  well  as  backwanl ;  the 
inferior  \ook^  a  little  inward  and  backward,  as  well  as 
downward.  The  exact  direction  of  the  en  ire  process  is 
fiom  without,  inward,  forward,  and  a  little  downward. 
B°rE  The  upper  part  of  the  base  is  entirely  couccale.i 
by  the  scii  amous  Lnd  mastoid  portions  to  which  it  is 
fixed  •  but  its  lower  part,  appearing  m  consequence  of  the 
Sivergenco  of  those  portions,  presents  the  oval  expanded 

.  A  small  avtory,  aud  an  emissory  voin  of  S:"itonni. 
t  Sterno-mastoid,  trach..lo-n.asloid,  splcmus  capili.. 
J  Trausvorso. 
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••mce  of  the  meatus  audtforins  cvtrrnns,  a  canal  leading 
a  chamber  in  the  petrous  iDrocess,  called  the  tympanum. 
This  oridce  hes  between  the  mastoid  process  and  the 
o-lenoid  eavitv  :  its  lower  margin  is  rough  for  the  attach- 
meat  of  the  cartilage  of  the  ear,  and  formed  by  a  curved 
plate  of  bone  common  to  it  and  the  glenoid  cavity  ;  its 
upper  marsjin  is  generally  smooth  and  rounded.  The 
description  of  the  canal  itself  will  be  included  in  that  of 
the  ear.    (144-)    Surfaces.    Anterior.    Continuous  with 
the  interior  surface  of  the  sc^uamous  portion  ;  to  which  it 
is  joined  by  a  sort  of  suture,  that  remains  distinct  even  in 
old  age.  and  indicates  the  original  separation  of  these  two 
portions  of  the  bone.    It  is  marked  with  cerebral  impres- 
sions, belongs  to  the  middle  fossa  of  the  cranium,  and 
pre.?ents  ia  I'ront  a  small  shallow  //roofe,  leading  back- 
ward to  an  aperture  called  the  hiatus  FallopU;  which 
opens  into  a  canal  called  the  aqueducfus  Fallopii.  (164) 
The  groove,  which  is  sometimes  double,  lodges  a  nerve* 
and  a  small  artery,  which  enter  the  aperture,  and  pass 
aloncr  the  canal.    Just  in  front  of  it  this  surface  presents 
a  notch  or  deficiency ;  so  that  the  carotid  canal  which  lies 
immediately  below,  is  here,  as  it  were,  unroofed.  Above 
this  notch  "there  is  a  depression,  generally  shallow,  but 
sometimes   deep  and  distinct,   for  the  reception  of  a 
nervous  ganglion.f    Lastly,  above  and  behind  the  hiatus 
Fallopii,  this   surface  presents    an    eminence,  which 
indicates  the  position  of  the  superior  semicircular  canal. 
(l-'vv)    I'onlerior.    Continuous  with  the  interior  surface 
of  the  mastoid  yKjrtion,  marked  ^vith  cerebral  impressions, 
and  belonging  to  the  po.sterior  fossa  of  the  cranium.  It 
preaentH,  nearly  in  the  centre,  the  smooth  rounded  orifice 
o(  the  me'ilnn  ai'.ditorius  internns ;  (164)  and  behind  this 
a  little  .slit,  covered  by  a  triangular  plate  of  bone,  and 
forming  the  expanded  orifice  of  a  minute  caTial,  called  the 
O'jHi-dwJH-f  rentihidi.  {\-A)  Between  thesf;  two  apertures, 
brit  on  a  •^omew)iat  higher  level,  there  is  a  little  dejiression 
of  vfiriabie  form  anrl  si/.c,  which  givers  uttachnient  to  a  slip 
of  fibrouM  membrane*  and  transmitH  a  little  vein  mio 
the  caricellouH  ti.«Hiie  of  the  bone.    ] iiO  i-iur.    An  uneven 
complex  surface,  which  forrn.s  p;irt,  oi  llii'  b;isc  oi  the 
cranitjm,  and  presenta,  pa.ssing  from  tin:  summit  towards 


*  C'ratiinl  britjrli  '.f  vidifin  ii':r%'''. 
t  Oasscriarj  gniiglion  of  Olli  ucrv:.  X  Dnm  miitor. 
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tlie  base  of  the  process  {i.e.  from  witlain  and  before, 
outward  and  backward),  the  following  objects  : — First, 
a  rough  quadrilateral  surface,  which  gives  attachment  to 
two  muscles  ;*  behind  this,  two  holes,  one  round  and 
very  large,  situated  externally  :  the  other  triangular  and 
very  small,  situated  close  to  the  posterior  border  of  the 
process.  The  former  is  the  lower  aperture  of  the  carotid 
canal ;  the  latter  is  the  lower  aperture  of  the  aqaedncius 
cochlece.  The  carotid  canal  runs  from  its  lower  orifice 
at  first  vertically  iipward  ;  then,  making  a  sudden  bend, 
passes  horizontally  forward  and  inward,  so  that  its  other 
end  appears  at  the  summit  of  the  process.  It  transmits 
a  large  artery,t  and  some  nervous  filaments.!  The 
aquedtictns  cochlea}  will  be  described  with  the  internal 
ear.  (163)  Behind  these  holes  is  a  large  depression, 
called  fhe  Jugular  fossa,  which  varies  in  depth  in  different 
skulls,  and  even  on  the  opposite  sides  of  the  same.  It 
lodges  a  large  vein,§  and  is  bounded  externally  by  a  sharp- 
edged  prominent  plate  of  bone,  which  extends  fi-om  the 
carotid  canal  back  to  the  mastoid  process,  separating  the 
jugular  fossa  from  the  glenoid  cavity.  This  plate,  which 
is  called  the  vaginal  proces.'<,  divides  at  its  posterior  part 
into  two  laminaj ;  from  between  which  projects  a  long  and 
very  remarkable  process  of  bone,  called  the  process. 
This  epiphysis,  which  in  animals  forms  a  separate  bone, 
in  mau  is  generally  continuous  with  the  vaginal  process, 
which  encloses  its  base  like  a  sheath ;  occa.sionally.  how- 
ever, it  is  a  movable  piece  connected  by  cartilage  with  the 
rest  of  the  bone.  It  is  about  an  inch  long,  runs  down- 
ward, forward,  and  inward,  and  gives  attachment  to  three 
mirscles.ll  andtwoligamonts.lf  Behind  these  two  processes 
there  are  a  hole  and  a  Jissiiru.  The  hole,  which  lies  between 
the  styloid  and  mastoid  processes,  is  called  the  stylo- 
mastoid foravhoii. ;  it  is  the  inferior  orifice  of  the  aque- 
ductusFallopii.(lti4)  and  transmits  a  nerve.**  Thefissure,  V 
which  is  very  narrow,  and  extremely  variable  in  depth.ft 
is  called  the  anricidar  fissure  ;  it  separates  the  vaginal 
from  the  mastoid  process,  and  lodges  a  small  nervous 


*  Leval.ur  p.alali  im'lliM,  and  U'usor  tympaiii. 
t  Cavotia.  t  ('.trotia  ploxii.-^.  §  .Tiipular. 

II  ,Slvlo-liyi)ia.'US,  stvli)-t,'lossus,  slylo-pUarj-ugi'iis. 
f  Stylo-liyoiil.'.-ilylo-iuiixillary.  .  **  Facial, 

tt  Siniielimrss  a  ifiiart.T  of  an  inrli  (loop,  sometimes  scarcely 
perceptible,  sometimes  absolutely  delicieul. 
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.-nt*    THe  two  processes,  fissiire,  and  hole,  just 
-  i-ibed,  are  e.vternal  to  the  jugular  fossa;  behi)id_  it 
.ere  is  a  square  facet  called  the  jugular  surface,  which 
•ticulates  with  the  jugular  process  of  the  occipital  bone, 
aese  are  the  principal  objects  that  appear  on  the  lower 
irface  of  the  petrous  portion  :  some  minuter  points  will 
•  mentioned  in  the  description  of  the  tympanum.  Edges. 
■  ipt  rij,-.    The  longest  and  most  even.     It  is  marked  by 
channel,  which  is  called  the  superior  petrosal  groove, 
id  lodges  a  venous  sinus  of  the  same  name.    It  presents, 
its  inner  extremity,  a  semdunar  depression,  on  which  a 
et  rests.     Posterior.    The  second  in  length,  uneven, 
^  not  denticular,  and  articulated,  by  apposition,  with 
basdar  process  of  the  occipital.    Its  inner  half  is 
■ked  bv  a  groove,  which,  when  completed  by  one  on 
corresponding  border  of  the  occipital,  is  called  the 
rior  pjefrosal  groove,  and  transmits  a  venous  sinus  of 
-ame  name.    Its  outer  half  presents  a  large  notch, 
.  ;h  corresponds  in  size  and  situation  with  the  jugular 
a,  and,  with  a  similar  notch  on  the  occipital,  forms 
rorainen  lacerum  posterius.    A  little  sharp  eminence 
"a  projects  from  the  centre  of  this  notch,  dividing  the 
.  J  into  two  portions.    (The  ji(,gular  surface,  and  the 
quedurtus  cochlece,a.Te  sometimes  referred  to  this  border.) 
intffrioT.    Divided  into  two  parts  ;  an  inner,  free  and 
-rticiLlated  with  the  spine  of  the  sphenoid  (which  is 
■eceived  into  the  retiring  angle  formed  between  this  border 
,nd  that  of  the  squamous  portion) ;  an  outer,  joined  to 
he  .squamous  portion  above  by  a  suture,  but  separated 
rom  it  below  by  a  narrow  interval,  already  described  as 
he  Glanerian  fissure.    In  the  apex  of  the  retiring  angle 
n.Ht  mentioned,  are  seen  the  orifices  of  two  small  canals, 
yin^  one  above  the  other,  and  only  separated  by  a  thin 
amina.    Tni-.  upper  of  these  lodges  a  little  muscle  of  the 
;ar,*  while  the  lower  is  the  bony  portion  of  the  Eudacliian 
uhe.    Wh';n  the  bones  are  joined,  these  canals  open  at 
I.  j>f>\Tit  internal  to  the  spine  of  the  splumoid.    Th(^y  both 
1  into  the  tympanum,  and  will  be  further  described 
■  n  we  speak  of  thatcavity.  (] lo)  Si;mmit._  Is  irregular 
!  obliqriely  truncated,  presents  the  anterior  oriiicc  o£ 
carr,tid  canal,  and  forms  the  posterior  and  e.\t(;rnul 
indan/  of  thf:  foro.m':n  l/icerum  medium. 


•  An  auricular  branch  of  the  fncial  m'tvo, 
X  Turi.sor  Ijirii/ani. 
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62.  Stkitcture.  Petrous  portion  exceedingly  hard  and 
dense  ;  mastoid  jjortion  cellular ;  squamous  jjortion  like 
the  other  flat  bones  of  the  cranium.  Develoi'mext.  In 
the  child  the  styloid  process  is  articulated  to  the  petrous 
by  a  cartilage,  and  the  external  meatus  is  a  separate  ring 
of  bone,  imperfect  above.  These  two  parts  have  each  a 
separate  point  of  ossification,  as  also  have  the  mastoid, 
petrous,  and  squamous  portions,  and  the  zygomatic 
process  ;  making  six  in  all.  Articdlatioxs.  With  the 
sphenoid,  occipital,  parietal,  malar,  and  lower  maxillary 
bones. 

AUTICULATIONS  OF  THE  CKANIAL  BOXES. 

63.  The  bones  that  havenowbeen  describedform  by  their 
junction  thirteen  sutdires.  (7)  These  are  often  described 
incidentally,  in  demonstrating  the  regions  which  they 
respectively  traverse  ;  but  they  are  perhaps  more  easily 
remembered  when  studied  in  connexion  with  each  other. 
They  are  best  distinguished  by  designations  compounded 
of  tire  names  of  those  bones  between  which  they  are  respec- 
tively formed  ;  a.sfrordo-2)arictal,infei--2Kirietal,  &c.  Seve- 
ral have  also  received  names  derived  from  their  situation, 
or  particular  appearance ;  as,  coronal,  sar/ittal,  la  inhdoidal, 
basilar,  &c. 

64.  Cranial  Sutukes.  Sagittal.  Is  formed  by  the 
junction  of  the  two  jjarietal  bones,  and  runs  along  the 
top  of  the  cranium,  from  the  summit  of  the  occipital  to 
the  centre  of  the  frontal  bone.  In  children,  and  in  adults 
also  when  the  two  sides  of  the  frontal  remain  separate, 
it  is  continued  forward  to  the  root  of  the  nose.  It  some- 
times presents  towards  its  posterior  extremity,  the 
•parietal  hole  (54) ;  and  in  front,  where  it  joins  the  coronal 
suture,  frequently  bifurcates  to  enclose  a  large  quadri- 
lateral Wormian  bone.  Coronal.  Cuts  the  sagittal  at 
right  angles,  sweeping  round  transversely  over  the  top  of 
the  cranium,  from  the  extremity  of  one  greater  wing  of 
the  sphenoid,  to  the  corresponding  point  on  the  opposite 
side.  It  is  formed  between  the  frontal  and  parietal 
bones,  and  is  so  disposed  that  the  frontal  rests  on  the 
parietal  above,  and  vice  versa  below.  Lambdoidal. 
Passes  from  the  angle  of  the  mastoid  portion  of  the  tem- 
poral on  one  side,  to  the  same  point  on  the  other; 
describing  in  its  course  two  sides  of  a  triangle.  It  iS 
formed  between  the  occipital  and  the  two  parietal  bones, 
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■V  deeply  denticulated  *  and  usually  contains  several 
■;iian  bones.    Mugfo-}>arictal.    Sqaamous.  ^  Spheno- 
1  --irial.     These  three  sutures  are  siibdivisions  of  a 
I  ijle  sut\ire,  formed  between  the  lower  border  of  the 
I  rietal.  and  the  two  adjacent   bones    (temporal  and 
'  -.onoid) :  and  consequently  extending  from  the  lower 
of  the  lambdoidal  suture  behind,   to   the  lower 
L  .jf  the  coronal  in  fi'ont.    Masto-parietal.    A  short 
I  iticulated  suture  joining  the  j^osferior  division  of  the 
— '  :ir  border  of  the  parietal,  with  the  mastoid  por- 
f  the  temporal.    Cloc^uet,  followed  by  several  other 
.:-rs,  has  described  this  as  part  of  the  scjuamous 
,  are.    But  since  it  is  denticulated,  it  is  better  not  to 
1  it  squamous.    Squamous.    A  curved  suture  formed 

■  the  sciuamous  portion  of  the  temporal  overlapping  the 
ddle  division  of  the  lower  border  of  the  parietal. 
hiiiio-i'iarietal.    A  very  short  suture  formed  by  the  end 

■  the  greater  wing  of  the  sphenoid  overlapping  the 
'er'i-or  division  of  the  lower  border  of  the  parietal, 
.rhe  remaining  siitures   traverse   the    base   of  tbe 
.nium. 

Basilar.  The  line  of  junction  between  the  sphenoid 
1  occipital  bones.  It  runs  transversely  in  front  of  the 
lilar  process,  contains  a  layer  of  cartilage  in  childhood, 
i  disappears  in  adult  age,  in  consequence  of  the 
ion  of  the  sphenoid  and  occipital  bones.  Between  the 
ter  extremity  of  the  basilar,  and  the  lower  extremity 
the  lambdoidal  suture,  occur  two  other  sutures  ;  the 
3  formed  by  the  junction  of  the  petrous  portion  of  the 
aporal  with  the  occipital,  the  other  by  the  junction  of 
i  mastoid  portion  of  the  temporal  with  the  occipital.  In 
!  first,  or  pdro-occipital.  the  bones  are  separated  by  a 
n  layer  of  cartilage.  The  second,  or  mastoid  is  very 
:^htly  denticulated,  and  often  presents  the  mastoid 
a.-fff  n.  Betv/een  the  outer  end  of  the  ha.silar  suture 
'1  the  jx>Ht'j:rior  end  of  the  splieno-parielal,  two  more 


In  all  mlurm  ilfnlMip.  (a'ti.'  Tahlo  of  llio  Arliculatioiis,  pag-n  7) 
'leriticulations  of  tli<;  '-xU^rior  tabli;  an;  mii<;li  di-iqyrv  l  liaii  llioso 
the  interior  or  vitreous  tabi';.  Jn  this  suture  fur  iiistam;(!,  tlio 
iticalations  may  U:  half  an  inch  long  on  tli(;  c.xtiTinr  s\irfaco  ; 
ile  on  looking?  from  within  th";  craniuin  on';  k(;i'B  borders  uicruly 
rr-A  in  apposition.  This  is  rfrhajis  on  account  of  the  liritlleness 
che  vitreous  table,  as  .fohn  Ilell  helieve'l.  In  soiiie  skulls,  how- 
:r,  one  .s<:es  tjvery  hero  and  there  long  jagged  deuticulalious  ovuu 
the  iiiterior  tablo. 
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sutures  intervene.  The  first,  or  peiro-sfilienoidal,  iai 
formed  between  the  great  wing  of  the  sphenoid  and  the  < 
petrous  portion  of  the  temporal ;  and  here  the  hones  arei 
merely  placed  in  apposition  (exempjlifying  the  sutnrat 
appogita,  or  Imrmonia).  The  second,  or  squamo-s'phe. 
noiclal,  is  formed  between  the  great  wing  of  the  sphenoid i 
and  the  squamous  portion  of  the  temporal ;  and  here  the 
bones  are  cut  obliquely,  and  serrated  (exemplifying  thei 
sutiira  limbosa). 

Two  sutures,  the  sjjhenoidal  and  the  ethmoidal,  remaiiLi 
The  splienoidal  siCture  is  formed  between  the  anteriori 
superior  border  of  the  sjAenoid  and  the  bones  with  which! 
it  articulates — viz.,  the  ethmoid  and  sphenoidal  tur- 
binated bones  in  the  middle,  the  frontal  laterally.  Viewed 
from  below,  this  suture  is  observed  to  have  three  jDor- 
tions  ;  1st,  a  central  portion  which  runs  across  from  one 
external  angular  i^rocess  to  the  other,  traversing  the 
roofs  of  the  orbits,  and  forming  a  curve  whose  concavity 
is  directed  forward  ;  2nd  and  3rdly,  two  lateral  portions, 
lying  one  on  each  side,  between  the  external  angular 
process  and  the  anterior  end  of  the  spheno-parietal 
suture.  At  the  central  joart  of  this  suture  the  bones  are 
thin  and  merely  apposed  to  each  other  without  denticu-: 
lation  ;  towards  the  external  angular  process  they  jom: 
by  a  broad  denticulated  surface  ;  laterally  the  sphenoidi 
is  squamous,  and  overlaps  the  frontal.  The  etlimoidaU 
suture  is  formed  by  the  junction  of  a  broad  margiurj 
around  the  ethmoid  notch  of  the  fi-ontal,  with  a  corre- 
sponding margin  on  the  upper  surface  of  the  ethmoid. 
In  this  suture,  which  forms  three  sides  of  a  parallelo- 
gram, and  enters  the  sphenoid  suture  at  right  angle?, 
several  small  cells,  and  the  internal  orhitar  canals,  are 
observed. 

OF  THE  CRANIUM  IN  GENERAL. 

65.  Tlie  shape  and  articulations  of  the  cranial  boneff 
having  now  been  severally  described,  it  remains  to  take  a! 
general  view  of  the  chamber  which  they  unite  to  form.i 
The  cranium  is  an  ovoid,  larger  behind  than  before^! 
flattened  laterally  and  at  the  base,  smooth  above,  uneven) 
and  perforated  with  many  holes  below.  It  is  nearly,  buti 
seldom  perfectly,  symmetrical.  Its  relative  size  present* 
considerable  variations,  dependent  on  age,  sex,  and  classy 
Thus  it  is  proportionately  larger  in  the  foetus  than  in  tha. 
adult,  in  the  male  than  in  the  female,  and  in  the  Cauca-ii 
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than  in  eitlier  the  Ethiopian  or  Mongolian  races  of 
The  form  of  the  cranium,  especially  of  its  upper 

ent  or  vault,  presents  very  marked  and  charac- 
•io  varieties  in  different  tribes  ;  and  also  some  minor 

Parities  in  different  individuals  of  the  same  tribe, 
r  reo-ard  to  these  latter,  it  is  asserted  by  Cloquet, 
>>ilhTer,  and  others,  that  the  cranium  usually  gams 
■je  dimension  what  it  loses  in  another,  so  that  its 
ral  capacitv  remains  nearly  uniform  throughout  each 
-  But  an  e^ctensive  series  of  observations  published 
Professor  Tiedemann,  in  the  Philosophical  Transac- 
~  for  1836,  leads  to  very  different  conclusions.  Thus, 

apacities  of  the  negro  crania,  which  he  measiired, 

1  from  31  to  42  ounces;  of  the  German,  from 
-.-J  ib ;  of  the  English,  from  38  to  45.  My  own 
i-vations  accord  with  those  of  Tiedemann.  I  gauged 
liis  method  two  French,  two  Chinese,  and  two 
-hian  skulls  (all  of  male  adults),  with  the  foUowmg 


(N.B.  The  two  French  skulls  were  the  largest  and 
malle-st  among  73 ;  with  the  Chinese  and  Scythian,  I 
2fl  no  opportunity  of  selection.  Hence  the  greater  dis- 
repancy  between  the  capacities  of  the  former.) 

ITie  thickness  of  the  walls  of  the  cranium  varies  in 
lifferent  skulls  and  in  different  parts  of  the  same. 
TfheKvcT  there  is  a  ridge  or  protuberance,  it  is  g;reatly 
ncrea-sed  ;  while  at  the  bottom  of  the  fossas  it  is  often  so 
;nach  reduced  that  the  Vjone  becomes  semitransparent. 
iThe  texture  and  consistence  of  the^bonc  itself  likewise 
>7arjr  in  different  skulls.  In  the  negro  it  is  generally 
rery  dense,  hard,  and  white ;  so  that  on  a  section,  it 
•eaembles  ivory  rather  than  bone.  I  am  informed  by  a 
lealer  in  human  bones,  that  the  skulls  of  the  Belgians, 
jesides  \xAn^  misshapen  and  ill-fleveloped,  are  of  a  soft 
md  oily  consi.stence.  The  crania  of  barbarous  nations 
appear  to  be  in  general  harder,  thicker,  and  heavier,  than 


Weight  of  skuU  with- 
out lower  jaw. 
lbs.   oz.  dra. 


Weight  of  millet 
seed  contained. 


(avoirdupois) 


42  8 

31  9 

37  4 

39  4 

34  0 

35  12 


1  10  9 
14  1 

2  2  8 

1  11  0 

2  8  4 
2     0  0 
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those  of  Europeans.  My  limits  will  uot  allow  me  to 
pursue  this  subject  further.  In  Mayo's  Physiolony  the 
student  will  find  a  clear  and  masterly  sketch  of  the 
national  peculiarities  of  the  cranium  :  and  for  original 
investigations  ou  the  subject  he  may  consult  the  works 
of  Daubenton,  Cuvier,  Blumenbach,  Lawrence,  Prichard, 
Owen,  &c.  The  development  of  the  cranium  usually 
hears  an  inverse  i^roportion  to  that  of  the  face ;  the  sub- 
ject of  its  comparative  mensuration  will  therefore  be 
treated,  when  that  division  of  the  head  has  been  described, 
and  the  entire  skull  comes  under  review.  The  cranium 
presents  for  exaininatiou  an  exterior  and  an  hii prior 
surface,  each  of  which  is  divided,  for  convenience  of 
demonstration,  into  regions. 

66.  ExTKuioR  Surface  of  the  Cranium.  This  is 
loosely  'divided  into  the  sinciput  in  front,  the  occiput 
behind,  the  hrer/inct,  at  top,  the  ?^ase  below,  and  the  temples 
on  each  side.  But  for  accurate  description  it  is  divided 
into  four  definite  regions ;  a  superior,  an  inferior,  and 
two  lateral.  In  considering  these  regions  we  shall  merely 
recaj^itulate  such  points  as  have  already  been  pointed  out 
in  the  description  of  the  separate  bones  ;  examining  more 
in  detail  the  objects  that  result  from  their  union. 

67.  SurERioii  Region.  Bounded  in  front  by  the  nasal 
eminences,  and  the  supra-orbitar  arches  ;  hcli  incl  by  the 
exterior  tuberosity,  and  superior  curved  hues,  of  the 
occiijital  bones  ;  intermediately  by  a  line  carried  from  the 
outer  end  of  the  superior  curved  line  of  the  occipital 
along  the  temporal  ridge  of  the  parietal  and  frontal 
hones,  to  the  external  angular  process  of  the  frontal. 
This  region  is  oval,  smooth,  traversed  by  three  sutures, 
the  sagittal  in  the  middle,  the  lainbdoidalhehind,  and  the 
chief  jDart  of  the  coronal  in  front.  It  presents,  from 
behind  forward,  1st,  the  smooth  ujDper  part  of  the 
occiintal  bone ;  2ndly,  the  even  vault  of  the  parietal 
bones,  marked,  behiud,  by  the  parietal  holes,  anteriorly 
and  externally,  by  the  parietal  protiiherances ;  3rdly,  the 
vertical  portion  of  the  frontal,  on  which  are  seen  the 
frontal  eminences  surmounting  the  supra-cilianj  arches. 
The  flat,  tendinous  expansion  of  a  muscle*  covers  and 
plays  over  this  region. 

68.  Lateral  Regions.  Bounded,  above,  by  a  hne 
beginning  at  the  external  angular  j)rocess  of  the  frontal, 


«  Occipito-fronUilis. 
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-iiiiii  alou?  tlie  temporal  ridge,  and  continued  back  to 
rexterior  occipital  tuberosity ;  helow,  by  a  line  com- 
•nciut,'  also  at  the  external  angular  process,  and  passing 
jnu  the  zvtromatic  arch  to  the  mastoid  process,  and 
?nce  to  the  occipital  tiiberosity.     Ending  thus  in  a, 
int  before  and  behind,  and  bounded  by  a  curve  above 
d  below,  this  region  is  of  an  irregularly  elliptical  form, 
is  traversed  hy  the  spheno-parietal,  masto-'parietal,  and 
uamou6  sutures  ;  and  by  part  of  the  coronal,  sphenoidal, 
istoiJ,  and  la»ibdoid  sutures.    It  is  concave  in  front, 
nvex  behind,  and  divided  into  an  anterior  larger,  ancl  a 
■sterior  smaller  portion.    The  former  is  the  cranial 
rrtion  of  the  temporal  fossa.    This  space  is  bounded  in 
iont,  above,  and  behind,  by  the  temjwral  ridge ;  a  line 
lat  begins  at  the  external   angular  process,  passes 
ward  and  backward  over  the  frontal  and  parietal,  and 
ften  curves  downward  over  the  temporal,  to  terminate  at 
ae  root  of  the  zygomatic  process.  Below,  the  temporal  is 
jparated  from  the  zygomatic  fossa  by  a  horizontal  crest 
ithe  outer  surface  of  the  great  wing  of  the  sphenoid. 
Iiiij  will  be  further  exjDlaLned  when  we  speak  of  tbe 
.anio-facial  fossae).    The  large  space  thus  circumscribed 
convex  posteriorly,  concave  in  front,  and  traversed  all 
rer  by  the  impressions  of  arteries.*    It  gives  origin  to 
lar^e   muscle, f   whose  fascia    is   attached  to  the 
:mporal  ridge.     The   posterior    smaller    portion  of 
18  lateral  region  is  convex,  and  presents  from  behind 
)rward,  1st,  the  mas^ouZ  Jiole ;  2ndly,  the  outer  surface 
:'  the  mastoid  process ;  3rdly,  the  meatus  auditorius 
dernus. 

69.  Inferior  Region  or  Base. 4;  Bounded,  heliind,  by 
ae  external  occipital  tuberosity,  and  superior  semi- 
i.rcular  ridges;  in  front,  by  the  nasal  eminences  and 
upra-orbitar  arches  ;  laterally,  by  a  line  extending  from 
•he  external  angular  process  to  the  zygomatic  process, 
'hence  to  the  mastoid  process,  and  thence  to  the  outer 
nd  of  the  superior  semicircular  ridge.    Oval,  uneven, 


■  •  Df;':p  U,-nfK)ril.  t  Toinponil. 

t  In  Mtiulying  thin  aspfct,  tlio  stiirlf-iit  sliould  bear  in  iiiiiifl  that 
he  craniuiii  is  turn':'!  upsi'le  down,  .so  tliat  whoii  any  jjoiiil,  is  de- 
cribed  anothf:r,      rnast,  on  .a'  count  of  tlii^  inviTti^d  posi- 

ion  of  liif;  skull,  look  for  it  helow.  A  Hiriiilur  caution  is  nccc'ssary 
D  traciijg  oil  tht  Ujw.r  surface  of  any  bono  tho  poInU  dcscribud  iu 

)00k8. 
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convex,*  articulated  in  front  with  the  bones  of  the  face, 
in  the  middle  with  the  summit  of  the  spine,  and  free  ia 
the  rest  of  its  extent,  this  suri'ace  presents,  from  behind 
forward,  the  following  objects.  The  exterior  occipital 
tiiherosity,  with  the  exterior  occipital  crest  passing  down- 
ward and  forward  from  it  From  the  tuberosity  pass 
outward  the  superior  cwved  lines ;  from  the  middle 
of  the  crest,  the  inferior  curved  lines.  The  tuberosity 
gives  attachment  to  a  Ugament.f  the  superior  cui-ved 
line  to  three  muscles, J  the  iul'erior  curved  line  to 
two  muscles. §  Between  the  curved  lines  is  a  surface 
marked  with  the  rough  im^sressions  of  two  muscles,||  and 
in  front  of  the  lower  curved  line  is  a  rough  surface,  which 
also  attaches  a  muscle.^  In  front  of  the  occipital  crest 
appears  the  occipital  hole,  or  foramen  magnum,  which 
tran,smits  several  important  organs,**  and  is  bounded  on 
each  side  by  the  condyles  (which  give  attachment  inter- 
nally to  ligaments)  ,tf  and  by  the  anterior  and  posterior 
condijloid  fossa},  which  receive  the  articulating  processes 
of  the  atlas  in  extension  and  flexion  of  the  head,  and  are 
perforated  by  the  foramina  of  the  same  name.JJ  External 
to  the  condyle  is  an  ^^neven  surface  for  the  insertion  of  a 
muscle  ;§§  external  to  this  is  seen  the  jugular  iirocess  of 
the  occipital,  articulating  with  the  petrous  portion  of  the 
temporal ;  and  external  again  to  this  appear  the  lower 
extremity,  and  the  digastric  groove,  of  the  mastoid  process, 
each  of  vphich  gives  attachment  to  a  muscle. ||||  In  front 
of  the  occipital  hole  is  the  basilar  surface,  presenting  in 
the  middle  the  j^haryngeal  spine,  and  on  each  side  depres- 
sions for  muscular  insei-tion.^^  Anterior  and  internal  to 


*  This  character  is  important,  as  iuilicating  a  gi-cat  downward 
development  of  the  brain.  In  the  chimpanzee  and  oraug-otang  the 
basis  of  the  cranium  is  nearly  flat. 

t  Ligamentum  nuchie. 

j  Occipito-froutalis,  trapezius,  sterno-mastoideus. 

§  Rectus  capitis  posticus  major,  and  obliquus  superior. 
■  II  Coraplexus,  and  spleuius  capitis. 

%  Rectus  capitis  posticus  minor.  ,    ,     ,    .         ,     •  i 

*»  Spinal  cord,  with  its  envelopes,  vertebral  artenes,  and  spinal 
accessory  nerves. 

tt  Odontoid.  .    ,  ,  ^,  ... 

Jt  The  anterior  transmitting  the  ninth  ner^^e,  and  the  postcnorft 

small  vein. 

§§  Rectus  capituB  lateralis.  .   „  j- 

nil  'I'he  former  to  the  sterno-raastoid,  the  latter  to  the  digastric. 

HIT  Recti  capitis  autici,  majores  and  uiiuores. 
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the  mastoid  process  is  tlie  stylo-mastoid  foramen,  which 
transmits  a  nerve  ;*  in  front  of  that  the  styloiclf  and 
vaiii)ial  processes ;  anterior  and  external  to  these 
as^in.  the  glenoid  cavity,  with  its  Glaserian  fissure.f 
Between  the  mastoid  process  and  glenoid  cavity  exter- 
nally, and  the  basilar  process  internally,  is  seen  the 
inferior  surface  of  the  petrous  portion  of  the  tem- 
poral bone,  presenting  (besides  tbe  styloid  and  vaginal 
processes,  and  the  stylo-mastoid  foramen,  already  men- 
tioned) the  following  objects  :  the  jugular  fossa,X  a  deep 
cavitv,  completed  internally  and  posteriorly  by  the 
occipital  bone,  and  generally  larger  on  the  right  side 
than  on  the  left.§  At  the  bottom  of  this  fossa  there  is 
an  irrecmlar  aperture,  called  the  foramen  lacerum  pos- 
terias,  "divided  by  a  little  process  (sometimes  of  the 
occipital,  usually  of  the  temporal  bone)  into  two  parts; 
an  anterior,  smaller,  which  transmits  several  nei-ves;||  a 
'posterior,  larger,  which  transmits  a  large  vein,^  and  a 
small  artery.**  In  front  of  this  fossa  appear  tlie  lower 
orifices  of  the  carotid  canal,  and  the  aqueductus  cocldece. 
In  front  of  these  is  seen  a  rough  quadrilateral  surface, 
for  the  attachment  of  two  muscles. ff  Internal  and 
anterior  to  this  surface  occurs  an  irregular  and  some- 
what triangular  aperture,  called  the  foramen  lacerum 
mediura:  its  apex  is  directed  backward;  its  anterior 
margin  presents  the  posterior  orifice  of  the  pterygoid,  or 
vidian  canal  ;  and  its  posterior  margin  presents  the 
anterior  orifice  of  the  carotid  canal.  It  is  closed  in  the 
recent  state  by  a  fibro-cartilaginous  substance,  and  does 
not  give  passage  to  any  organ. It  is  formed  in  front  by 
the  great  wing  of  the  sphenoid,  behind  by  the  summit  of 
the  petrou.s  process,  and  internally  by  the  body  of  the 


*  Facial. 

t  For  the  relationa  of  the  styloid  process,  see  §  61,  and  for  those 
of  the  Olas'jrian  fissure,  see  §  146. 

I  It  lo'l{(es  the  conimencemeut  of  the  iDtemal  jugular  vein. 

§  I  examined  the  size  of  the  jugular  fossaj  in  105  adult  male  Cau- 
casian skulls.  In  12  they  were  of  equal  size;  in  15  the  left  was 
larj^er  than  the  right ;  in  the  remainder  (78)  the  right  was  larger 
than  the  left. 

1  Glo93i'>-pharyngeal,  pneumogastric,  and  spinal  arccssory. 
T  Internal  jugular.  *•  ro8t<;rior  meningeal, 

tt  Lf  vator  palati  mollis,  and  tensor  tymparii. 
It  The  vidian  n'-rve  and  the  carotid  artery  enter  the  cranium  at 
the  margins  of  this  orifice ;  but  nothing  passes  directly  through  it. 
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gplienoid  and  the  basilar  iDrocess  of  the  occipital.  When 
the  mastoid,  basilar,  fetro-occipital,  and  ■petro-sphenoulal 
sutures  {6-4)  are  mentioned,  the  description  of  the  pos- 
terior half  of  the  base  of  the  cranium  is  finished.  The 
remaining  portion  is  articulated  with  the  bones  ot  the 
face,  and  can  only  be  studied  in  a  skull  from  which  they 
have  been  removed.  _     ,     ,    t      p  .i 

In  front  of  the  basilar  process  is  the  body  ot  tlie 
sphenoid,  vAth  the  rostrum  in  the  middle,  and  the  lam  nun. 
on  each  side.    Between  these  laminaj  and  the  rostrum 
appears  a  part  of  the  sphenoidal  turbinated  bones,  ihe.se 
have  been  already  described  (36)  as  thin  curved  triangular 
plates,   having  a  vertical  portion,  which  is  situated 
between  the  sphenoid  and  ethmoid  bones,  and  separates 
the  sphenoidal  sinuses  from  the  ethmoid  cells,  and  a 
Iwrizonial  portion,  which  forms  part  of  the  floor  of  the 
sphenoidal  sinuses  ;  it  is  this  latter  part  which  a]opears 
on  the  base  of  the  cranium.     External  to  the  body 
descends  the  pterygoid  process  of  the  sphenoid,  perforated 
at  the  base  by  the  vidian  canal,*  bifurcated  at  the 
estremity  to  receive  the  tuberosity  of  the  palate  bone, 
and  divided  behind  by  the  pterygoid  ./ossaf.  i^to  two 
TDlates.  the  inner  of  which  presents  the  scaplwid  depres- 
sinni  at  its  base,  and  the  hamidar  j^rocess  (t)  at  its 
extremity.    Near  the  base  of  the  pterygoid  process,  m 
front,  appears  the  anterior  orifice  of  the  short  canal 
called  fw'cmen  rotundum,^  situated  superior  a^d  external 
to  the  anterior  orifice  of  the  vidian  canal     External  to 
the  pterygoid  process  is  that  portion  of  the  ex  enor 
aspect  of  the  great  wing  of  the  sphenoid,  which  belongs 
to^the  zygo^n^Hc  fossa:  separated  by  a  ndge  from  the 
portion  which  belongs  to  the  temporal  fossa,  and  present- 
ing from  behind  forward;  1st,  the  .■j,rHOHS  l.roce8s|| 
thS  sphenoid;  2ndly,  anterior  and  interna  to  this,  the 
foravien  spinosum  ;'i  3rdly,  anterior  and  internal  to  this 

*  Which  transmits  the  vidian  nerve, 
t  Which  lodges  the  internal  pterygoid  muscle, 
t  The  circumflexus  palate  arises  from  the  scaphoid  depression, 
and  its  tendon  turns  round  the  l^^mn  nr  ^ocoss. 
5  Trausniitsthesecond  brauchof  the  I.. 

n  Tl.is  nrocess  is  very  irregular  in  size  and  sliap(. ,  it  is  oiitu 
I        s  pioccss  IS  ve.:,        f  f     „j,,it,iy  seen  it  connected  by  a 

»bonf  wil^^:"x  f  .\.ate^f  the  P^^^ 
It  attaches  the  internal  lateral  ligament  of  the  ja«,  and  the  l.ixaior 

tympaui  major  muscle.  .  „,.,„,.,. 

■V  Which  transmits  the  middle  meningeal  aiterj. 
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a^ain.  the  foramen  ovale*  Infernal  to  the  spine  of  the 
spheuokl  is  seen  the  orilice  of  the  bony  portion  of  the 
Eu^tacliian  tube ;  on  its  outer  side  ajD^Dears  the  lowei'  part 
of  the  .-■'j((a»iOi<s  suture;  and  external  to  this  again  is 
the  zygomatic  process,  rising  in  front  of  the  glenoid  cavity, 
and  presenting,  at  its  base,  a  rongh  tubercle  which 
attaches  a  liganient.f  at  its  extremity,  an  oblic[ue  border 
which  articulates  with  the  malar  bone.  Returning  to 
the  median  line,  we  find,  in  front  of  the  body  of  the 
sphenoid,  the  inferior  aspect  of  the  ethmoid  bone, 
presenting  in  the  middle  the  vertical  plate,  and  on 
each  side  the  lateral  mass.  Between  the  vertical  plate 
and  the  lateral  mass,  on  each  side,  there  is  a  deep  groove, 
which  contributes  in  the  united  skitll  to  the  nasal  fossa. 
These  grooves  are  open  in  front,  closed  behind  by  the 
anterior  wall  of  the  sphenoidal  sinuses,  and  separated 
from  the  cavity  of  the  cranium  by  the  horizontal  or 
cribriform  plate  of  the  ethmoid.  They  present  the 
turbinated  bones  of  the  ethmoid  ;  the  superior  and  middle 
meatus  of  the  nose;  the  olfactory  foramina;  the  aper- 
tures of  the  anterior  and  fosterior  ethmoid  cells;  and, 
generally  those  of  the  sphenoidal  simoses-X  The  rela- 
tions of  these  parts  will  he  explained  in  the  description 
of  the  nasal  fossae.  (13o)  External  to  these  grooves  are 
seen  the  lower  aspects  of  the  lateral  masses  of  the 
ethmoid,  marked  with  some  half  cells,  which  are  com- 
plete<I,  in  the  united  skull,  by  the  superior  maxillary, 
late,  and  lachrymal  bones.  Behind  the  ethmoid  we 
ve  a  piartial  view  of  the  sphenoidal  turbinated  bones, 
interf;o.-;ed  between  the  spihenoid  and  ethmoid,  and  of  the 
junction  of  the  vertical  pdate  of  the  ethmoid  with  the 
septurn  of  the  sphenoidal  sinuses.  In  front  of  the 
ethmoid  are  seen  the  'nasal  notch  and  the  nasal  spiin.e  of 
the  frontal.  On  each  .side  of  the  ethmoid  apjoear  the 
orlAtar  vaults,  two  smooth,  concave  surfaces,  formed  in 
front  hv  the  orbito/r  plates  of  the  frontal,  and  behind  by 
a  .smalf  part  of  the  under  surface  of  the  lesser  wings  of 
the  Hphenoid.  They  are  triangular  in  form,  and  present 
at  the  upe-e,  which  is  directed  backward,  the  foramen 


"  Which  transmits  tfie  tliird  division  of  thn  fift}i  iiorvo. 
t  Th<:  <;xt<  rrial  lateral  of  tho  jaw. 
X  Th'-.s':  sinus';s  an;  iiKually  said  to  ojnin  into  tho  posterior 
ethmoid  c-lls;  a  commuuication  which  1  havo  ucvur  bcou,  and 
believe  to     very  rare. 

IS  2 
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opticum.  The  lase,  directed  forward,  is  formed  by  the 
supra-nrhitar  arch,  interrupted  at  the  junction  of  its 
inner  and  middle  thirds  by  the  superciliary  notch*  and 
endino-  in  the  external  and  internal  anrjular  processes.  _ 
Behind  the  former  of  these  processes  lies  the  lachrymal 
fossa  ;-f  behind  (and  about  three  lines  above)  the  latter 
is  a  little  inequality  for  a  tendinous  pulley.t  The  orbitar 
vault  is  bounded  externally  by  the  orbitar  plate  ot  the 
sphenoid,  which  contributes  to  the  outer  waU  ot  the 
orbit;  internally  by  the  orbitar  plate  of  the  ethmoid, 
which  forms  part  of  its  inner  wall.  In  the  suture 
between  the  orbitar  plate  of  the  ethmoid,  and  the  frontal, 
are  seen  the  apertures  of  the  internal  orbitar  canals;^  m 
the  orbitar  plate  of  the  sphenoid,  and  m  the  suture 
between  the  frontal  and  molar,  are  the  small  foramma, 
called  the  external  orbitar  holes  ;  ||  their  number  is  uncer- 
tain, and  they  are  often  altogether  deficient.  Lastly, 
between  this  plate  and  the  lesser  wing  of  the  sphenoid, 
is  the  triangular  interval  called  the  spheiujidal  pssure.^l 

70  Interior  Surface  of  the  Cranium.  This  surface 
is  divided  by  a  line  passing  round  from  the  foramen 
ccecum  to  the  interior  occipital  protuberance,  into  two 
regions,  the -yciti/i  and  the  &«se.  i  j  n 

71  Vault  A  smooth  concave  surface,  marked  aU 
over 'with  cerebral  and  arterial**  impressions,  traversed  m 
the  median  line  by  the  longitudinal  stOcns.  a  smooth 
furrow  which  rises  behind  from  the  interior  occipital 
protuberance,  becomes  narrower  as  it  passes  forward,  and 
terminates  in  the  frontal  crest;  a  sharp  raphe  which 

*  In  foBtal  slaills  this  notch  constantly  presents  tlu-.  orifice  of  a 
cann  wUidi  transmits  nutrient  vessels  upward  int.,  tl,.  snbstance 
Tti  ;.  frontal  bone.  It  is  often  of  considerable  size,  sometimes 
^nnble  It  generally  remains  pervious  in  the  adult,  and  maybe 
cX^ib/L'rc«-J,  canal.    Of  105  adult  skulls,  I  found  it  pre- 

sent  in  72.  i    i  j 

t  Which  lodges  the  lachrymal  gland.  _ 

t  For  the  tendon  of  the  obliquus  supenor  ocnli.  ,  „  , 

I  IVZtior,  transmitting  the  nasal  twig  of  the  ophthalmic 
division  of  the  fifth  ;  the  posterior,  a  small  vessel. 

n  T  1  It  which  is  formed  in  tlie  orbitar  plate  gives  passage  to  a 
sJall  a  toy  which  supplies  the  lachrymal  gland  ;  he  other  trans- 
™te  a  mameut  of  the  malar  nerve  from  the  orbit  to  the  tempoml 

'""^''For  the  transmission  of  the  third,  fourth,  and  sixth  nerves ; 
the  ophthalmic,  or  first  division  of  the  5th ;  and  a  small  vem. 
Formed  by  the  middle  meningeal  artery. 
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descends,  diminisluiig  in  prominence,  to  disappear  just 
above  the  foramen  citcum.  In  this  channel  is  seen  the 
uter-parit'tal  or  sagittal  suture,  and  on  each  side  of  it 
several  Paccliionian  depressions  ;*  here  also,  when  they 
exist,  appear  the  parietal  holes.f  Laterally  we  observe 
iu  the  vault,  passmg  from  behind  forward,  the  cerebral 
josste  of  the  occiput,  the  occipito-parietal  or  lavdidoid 
suture,  the  parietal  fossce,  the  fro7ito-parietal,  or  coronal 
suture,  and  the  frontal  fossce. 

72.  Ba!<1!:.  Consists  of  three  fossse ;  an  anterior,  lying 
in  front  of  the  lesser  wings  of  the  sphenoid  ;  a  posterior, 
l}"ing  beLind  the  upper  edges  of  the  petrous  processes  ; 
and  a  middle,  which  occupies  the  intervening  space. 
These  fossaj  are  on  different  levels,  rising  successively, 
lite  a  iiight  of  steps,  from  the  posterior  to  the  anterior. 
The  anterior  and  posterior  fossas  are  widest  in  the  median 
line ;  the  middle  fossa,  on  the  contrary,  is  narrow  in  the 
median  line,  and  expands  on  each  side.  The  anterior 
:''j5sa  is  convex ;  the  two  others  are  deeply  concave. 
Posterior  Fossa.  Formed  chiefly  by  the  occipital  and 
temporal  bones,  and  traversed  by  the  mastoid  and  petro- 
xii/ital  sutures.  It  presents,  at  its  posterior  part,  the 
■^rehellar  fossce  of  the  occiput,  separated  from  each  other 
by  the  interior  occipital  crest,^  and  surmounted  by  the 
i'dci  laterules  or  transversales,  which  pass  horizontally 
outward,  one  on  each  side,  from  the  interior  occipital 
protuberance,  then  curving  downward,  groove  successively 
the  po.-jterior  inferior  angle  of  the  parietal,  the  mastoid 
portion  of  the  temporal,  and  the  occipital,  just  behind  its 
jtij^ar  firocess  ;  terminating  at  the  posteidor  division  of 
the/ora/rte'/i  lacerum  pjosterius.  In  this  channel  are  seen 
the  interior  openings  of  the  mastoid^  and  posterior 
eryii.d]ili)id.  \  holes.  This  channel,  and  the  hole  in  which  it 
terminate.^,  are  usually  larger  on  the  right  side  than  on 
the  left.  In  front  of  the  cerebellar  fossae  is  the  foramen 
ma/jnum,  in  the  sides  of  which  open  the  anterior  condyloid 
jovarn.irM  or  co/nuls.  In  front  of  the  foramen  magnum 
is  the  hojii.lo.r  j/rocess,  hollowed  by  the  basilar  groove, 

•  For  thf;  I'af;ohionian  h»odi(;8. 

t  For  thf;  transraiHsioTi  of  small  vijins. 

t  Whifh  atta/;he»  tli';  fnlx  ruiiior  of  tho  dura  mater. 

}  For  thf!  transmission  of  small  vciim. 

11  Tb';  fitinterUn-  division  of  tliis  hole  transmitB  thointenial  jiiKiilar 
vein,  thf!  rintrri'/r  arid  smalhT  division  InmHiiiitS  tho  gluBSO- 
phiTjiigeal,  pueu/aogaatric,  and  apiuul  accessory  uerves. 
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interrupted  in  the  cliilcl  by  tiie  hasilar  suture,  and 
forming,  by  junction  with  tlie  petrous  process  on  each 
side,  tiie  pefro-ocaipital  sidure;  a  suture,  the  posterior 
hall  of  which  is  internipted  by  the  foramen  lacerum 
posterms;*  while  its  anterior  half  is  marked  by  the 
inferior  petrosal  groove.  This  channel  belongs  partly  to 
the  basilar  process  of  the  occipital,  partly  to  the  petrous 
portion  of  the  temporal ;  it  transmits  a  smus  of  the  same 
name.  Above  the  foramen  lacerum  posterms,  on  the 
posterior  surface  of  the  petrous  portion,  is  the  ontice^  of 
the  meahis  anditorms  internii.B;-f  behind  and  alove^hich. 
again  is  a  little  triangular  depression,  which  gives  inser- 
tion to  a  fold  of  dura  mater,  and  transmits  a  minute 
vein  into  the  cancellous  tissue  of  the  bone  ;  while  behind 
and  helow  it  is  the  narrow  orifice  of  the  aguedudiis 

vestibuli.X  .      r.  ,1 

The  line  which  separates  the  posterior  from  tlie 
middle  fossa,  is  formed  on  each  side  by  the  upper  border 
of  the  petrous  portion,  which  presents  esterually  the 
sujoerlor  petrosal  groove,  and  internally  the  semi-lunar 
depression  on  which  a  nerve§  rests ;  m  the  middle  the 
boundary  line  coincides  with  the  hasilar  suture.  _ 

Middle  Fossa.  Formed  chiefly  by  the  sphenoid  and 
temporal  bones,  with  a  small  part  of  the  parietal  ; 
traversed  by  the  squamous,  spheno-panM,  splieno- 
temporal,  and  petro-sphenoidal  sutures.  ]N  arrow  m  tne 
middle,  where  it  consists  only  of  the  sella  turcica,\\  and 
dHating  on  each  side  into  a  large  convex  suriace,  which 
IS  formed,  heUnd  by  the  anterior  surface  of  the  petrous 
portion,  extrrnally  by  the  squamous  portion,  and  hy  part 
of  the  parietal, 'in  front  by  the  greater  wmg  of  the 
sphenoid.  In  the  median  line  this  fossa  presents^  from 
behind  forward,  first,  the  square  plate  which  bounds  tlie 
sella  turcica  behind,  and  supports  the  posterior  dinmd. 
processes;  secondly,  the  sella  twrcica  or  luludan/  Jossa 
Itself;  thirdly,  the  olmm;  tnlmrcle;  and  tourthly  the 
optia  groove,*^  terminating  at  each  end  in  .the  op  c 
foramen.**  On  each  side  of  the  sella  turcica  is  seen  the 
cavernous  groove  ;tt  a  wide  shallow  channel,  horizontal  m 

t  Transmits  a  miuuto  vem,  §  iUt  tuUuftl. 

1  Wliich  lodges  the  pituitary  body. 
•If  Lodges  the  optic  coimuissure. 

*•  Transmits  tlio  optic  uorvo.  ,    .  ,       ,  i     ,  ^ 

tt  Lodges  the  cavernous  siuus  aud  the  internal  carotid  artery. 
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:'ie  middle,  bending  down  posteriorly  to  terminate  in  the 

■  raint'H  lacerum  mediiiiti,  and  curving  upward  in  front, 
."neiith  the  antenor  cJinold  process  (which  sometimes 
juverts  it  at  this  point  into  a  hole).  Further  outward 
.npears.  on  each  side,  a  deep  fossa,  wider  externally  than 
.Internally,  sometimes  called  the  lateral  fossa  of  the 
:-iddle  region,  and  destined  to  support  the  middle  lobes 
<A  the  brain.  This  fossa  presents  posteriorly  the  eminence 
rormed  by  the  superior  semicircular  canal ;  anterior  and 
internal  to  this  the  hiatus  Fallopii  *  with  the  groove 
I  sometimes  double)  which  leads  from  that  orifice  to  the 
foramen  lacerum  medium  ;  anterior  and  internal  to  this 
xhe  foramen  spinosiun;f  anterior  and  internal  to  this, 
the  foramen  ovale  ;t  anterior  and  internal  to  this,  the 

■  ramen  rotunclum  ;^  and  finally,  in  front  of  this,  the 
<ohenoidal  fissure  ;\\  formed  below  by  the  greater  and 
above  by  the  lesser  wing  of  the  sphenoid  ;  and  completed 
internally  by  the  side  of  the  body  of  the  sphenoid, 
externally  by  the  orbitar  plate  of  the  frontal.  Between 
the  foramina  ovale  and  rotundum,  there  are  generally- 
one  or  two  small  apertures,  varying  in  size  in  dif- 
ferent individuals,  and  freciuently  in  the  same  indi- 
vidual on  opposite  sides.  They  are  the  upper  orifices  of 
little  canals,  which  open  below  in  the  pterygoid  fossa, 
iu.=t  external  to  the  scaphoid  depression.  The  largest  and 
most  constant  of  them  is  called  the  foramen  Vesalii ;  it 
tran.smits  a  little  vein,  one  of  the  emissary  veins  of  Scm- 
tonni.  They  generally  disappear  in  old  skulls  ;  and  ai'e 
probably  connected  (like  the  holes  in  the  sella  turcica) 
with  the  nutrition  of  the  bone.  This  surface  is  marked 
■with  cerebral  impressions,  and  with  an  arterial  channel, 
which  begins  at  the  foramen  spinosmn,  runs  outward  a 
little  way,  and  divides  into  two  branches  ;  a  jjosferw?- that 
ramifies  upward  and  backward ;  an  anterior  and  larger 
that  runs  upward  and  forward  to  the  anterior  inferior 
angle  of  the  parietal,  in  which  it  forms  a  deep  groove, 
frequently  a  perfect  canal,   afterwards   dividing  into 


•  Transmits  the  cranial  branch  of  the  vidian,  and  tho  little  artery 
that  !i/;f:ornpani''S  it. 

t  for  th':  rniddlf;  rn';ning<;al  artfiry. 

t  for  the,  third  'livi.sioii  of  th<;  .0th  norvo. 

5  f  or  th<;  a<-f;ond  di  vision  of  the  :>lh  nervo. 

J  Transmits  tlic  .^rd,  4lh,  and  'itli  w.rvc.H:  llio  first  division  of 
the  oth,  and  a  small  vein,  give  the  arrangement. 
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numerons  ramifications  on  the  interior  surface  of  that 
bone. 

The  line  which  separates  the  middle  from  the  anterior 
fossa,  is  formed  in  the  centre  by  the  anterior  margin  of 
the  02}tic  groove  ;  on  each  side  by  the  posterior  edge  of  the 
lesser  wing  of  the  sphenoid,  and  by  the  anterior  dinoid 
process*  into  which  the  inner  extremity  of  the  lesser  wing 
is  prolonged. 

Anterioe  Fossa.  Formed  by  the  horizontal  plate  of 
the  frontal,  by  the  cribriform  plate  of  the  ethmoid,  and 
by  the  ethmoidal  isrocess,  and  lesser  wing  of  the  sphenoid. 
Traversed  by  the  ethmoidal,  and  by  part  of  the  sphenoidal 
suture,  and  widest  in  the  median  line,  where  it  presents 
from  behind  forward,  first,  an  inconsiderable  eminence 
separating  two  slight  longitudinal  furrows  (often  nearly 
impercei^tible),  which  are  designed  for  the  reception  of  a 
pair  of  nerves  ;t  secondly,  the  crista  gaMi  ;X  thirdly,  the 
foramen  ccBOttm,  a  canal  formed  between  the  frontal  bone 
and  the  crista  galli  of  the  ethmoid,  and  communicating, 
according  to  Bertin  and  Cloquet,  with  the  anterior  cells 
of  the  ethmoidal  notch.  It  generally  transmits  a  small 
vein.  (I  have  a  skull  in  which  it  runs  foi-ward  for  three- 
eighths  of  an  inch,  between  the  plates  of  the  septiun  of 
the  frontal  sinuses ;  and  another  m  which  it  rirns  down- 
ward and  to  the  left  side,  for  about  one-eighth  of  an  inch, 
and  then  terminates  in  a  cul-de-sac.  Mr.  Henry  Lee,  of 
King's  College,  London,  has  a  shnll  in  which  it  descends 
in  the  substance  of  the  right  nasal  bone,  and  opens  on  the 
middle  of  its  anterior  surface.  Very  often  it  descends 
directly  into  the  nose.  The  crista  ga-lli  seldom  does  more 
than  complete  its  upper  orifice;  and  sometimes  it  is 
formed  entirely  in  the  frontal  bone.  It  is  often  partially 
or  completely  impervious,  especially  in  the  skulls  of  old 
persons  ;  and  even  when  fully  developed  its  course  and 
termination  vary  in  different  individuals.  The  contra- 
dictory accounts  given  of  it  by  different  anatomists  have 
doubtless  arisen  from  this  variability.)  On  each  side  of 
the  crista  galh  is  seen  the  olfactory  groove,  formed  by  the 
cribriform  plate  of  the  ethmoid  bone,  perforated  all  over 


*  The  clinoid  processes  attach  the  folds  of  dura  mater  which 
foim  the  cavernous  sinuses.  t  1st,  or  olfactory.  ^ 

t  Attaclies  the  falx  major.  (I  have  seen  a  skull  in  wliicli  this 
process  is  unusually  larsre,  and  hollowed  by  a  sinus  commumcatiug 
with  the  right  froutal  sinus.) 
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•  little  holes*  and  in  front  by  a  small  fissure  ;i  mits 
rnal  m'  ;:rin  are  seen  tlie  oridces  of  the  internal 
'         rbmllna.    The  anterior  of  these  orifices  occurs 
.    he  Sle  of  this  margin,  and  is  usually  conuec  ed 
-n  the  fissure  iust  mentioned  by  a  little  groove,  which 
"es  the  ne^e\hat  they  both  t/ansmit.t  The  posterior 
,  inch  transmits  a  small  vein)  commimicates  below  with 
t  a.  Cavity  of  the  nose,  and  opens  also  into  the  cranium 
afthe  hihder  extremity  of  the  cribriform  plate,  where,  it 
S  .verar  Aed  by  a  httle  projecting  lamina  of  the  sphenoid. 
Laterally  the  anterior  fossa  presents  a  convex  sui^ce 
t^respoklins  to  the  roof  of  the  orbit,  and  marked  with 
cerebral  and  arterial  impressions. 

73  The  cavity,  which  is  encompassed  by  the  surtace 
-  .t  has  just  been  described,  is  of  an  ovoid  form  smaller 

■  -ore  than  behind,  and  continuous  below  with  the  verte- 
bral canal;  of  which  it  may  be  considered  the  enlarged 
extremity.  Of  its  use  we  shall  speak  in  reviewing  the 
rrntire  skull. 

OF  THE  FACIAL  BONES. 

74  Of  the  fourteen  facial  bones  two  are  single  and 
imedian-viz.,  the  inferior  maxillary,  and  the  vomer: 
•  twelve  lateral  and  in  pairs,  viz.,  two  siiperwr  maxMary, 

■  two  raolnr,  two  nasal,  two  iKilate,  two  inferior  iurUnated, 
;  and  two  lachrymal  hones.     Of  these  six  pairs  the  four 

■  first  are  most  considerable  in  size  and  importance ;  the 
two  latter  being  small  appendages  within  the  nasal  and 
orbitar  fos^saj.  All  these  bones  are  umted  by  suture, 
with  each  other  and  ^ith  the  cranium,  except  the  lower 
iaw.  which  moves  upon  a  hinge-jomt.  _  lie  face  is 
frequently  divided  into  wpper  jaw,  consistmg  of  thirteen 
bones;  and  lower  jaw,  consisting  of  one  bone,  iiiis 
divi-sion,  however,  is  too  unequal  to  assist  the  memory  ; 
nor  ran  such  bones  as  the  vomer,  the  lachrijmal  bone,  the 
eheek-hon'i.  Sec,  be  included  under  the  common  designa- 
tion upper  jaw,  without  a  latitude  of  expression  almost 
amounting  to  inaccuracy.  ,i    i.  c 

irj  After  the  description  of  the  facial  bones,  that  of 
the  thirty-two  teeth,  and  of  the  hyoid  lone,  may  bo  con- 
veniently, and  y,f!rhaps  not  altogether  unnaturally  intro- 

•  Transmit  thr-  filarnf-nts  of  tlio  olfactory  iktvi^h. 
t  Trausrnits  tho  Tia«al  twi^  of  the  ophUjahun;. 
t  Nasal  twig  of  ophthalmic. 
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duced;  as  the  former,  thougli  differing  from  bone  in 
structure  and  mode  of  growth,  are  yet  directly  inserted 
into  the  masdlLiry  bones  ;  while  the  latter,  though  strictly 
speaking  a  solitary  bone,  is  connected  by  proximity,  and 
by  the  intervention  of  several  muscles  and  ligaments, 
with  the  lower  jaw. 

OF  THE  SUPEHIOE  MAXILLAEY  BONES. 

76.  A  pair  of  large  irregular  bones,  occupying  the 
middle  and  anterior  part  of  the  face,  and  jjresenting  for 
examination  two  aspccfs,  an  external  and  an  internal ,-  a  cir- 
cumference which  separates  these  aspects  ;  and  four  pj-o- 
cesses,  one  belonging  to  each  aspect,  the  remaining  two 
to  the  circumference. 

77.  External  Asi-ect.  That  part  of  the  bone  which 
can  be  seen  without  separating  it  from  its  neighl^ours. 
It  presents  in  the  centre  the  malar  process,  which,  as  it 
divides  this  aspect  into  three  parts,  will  be  described 
first.  Malau  Pugcess.  A  rough  triangular  eminence, 
directed  upward  and  outward,  articulated  above  with  the 
malar  bone,  hollowed  behind  where  it  forms  part  of  the 
temporal  fossa,  more  slightly  concave  in  front  where  it 
forms  part  of  the  canine  fossa,  most  prominent  below 
where  it  gives  rise  to  a  blunt  ridge  which  passes  vertically 
to  the  lower  border  of  the  bone,  becoming  less  prominent 
as  it  descends.  That  part  of  the  external  aspect  which 
lies  in  front  of  this  ridge  is  the  facial  surface;  the  part 
which  lies  behind  it  is  the  zygomatic  surface ;  while  the 
remaining  part,  which  lies  superior  and  internal  to  the 
malar  process,  is  the  orhitar  surface.  We  shall  begin 
with  the  Orbitae,  Surface.  Smooth,  irregularly  quadri- 
lateral, and  directed  upward,  outward,  and  forward. 
Bounded  internally  by  a  thin  uneven  margin,  which 
articulates  with  three  bones  ;  in  front,  by  a  notch  some- 
times called  the  incisura  lachnjmalis,  with  the  lachrymal 
bone  ;  in  the  middle  with  the  ethmoid  ;  beli  iiul  with  the 
palate  bone.  Bounded  e.xternally  by  the  malar  process ; 
anteriorly  by  a  short  rounded  edge,  which  forms  part  of 
the  circumference  of  the  orbit ;  posteriorly  by  a.  rounded 
edge,  which  contributes  to  form  the  sphcno-ma.villanj 
fissure,  and  which  sometimes,  at  its  anterior  extremity, 
articulates  wath  the  orbitar  plate  of  the  sphenoid.  (85) 
This  surface  is  marked  by  a  channel  which  commences  at 
the  middle  of  the  posterior  border,  and  passes  forward  and 
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1  liTillv  apeiienino-  till  it  becomes  a  canal, 
TSi^ t^^-  S^Ses ;  an  a..terior  called  the 
...oS.  which  is  wider  and  Bhorter,  pursues 

original  direction  of  the  groove   and  opens  at  the 
,o7hitnr  hole-*   a  posterior  which  is   longer  and 
iS  '  n   dlcemls  in  4e  anterior  wall  of  the  ma^  ary 
"f  under  the  name  of  the  anterior  dentar  canal.f 
",1,    Sl  bface.     Looks  forward  and_  outward  and 
.<ents  two  depressions  ;  first,  the  canine  fossa  large 
deep  situated  just  below  the  orbit,'  perforated  at  its 
.;,er  p^ar^  by  the  i.^ra-oMtar  hole,  and  presenting 
,ve  and  below  that  opening,  rough  impressions  fo  the 
-:.hment  of  muscles;:    secondly,  the  myrt^ifoi  m  or 
■:<Wr,.v.a,  smaller  and  less  distinct,  situated  above 
.  incisor  teeth,  and  separated  from  the  other  by  a 
tical  ridcre  (the  canine  eminence)  caused  by  the  socket 
.  the  canine  teeth.    (81)    This  fossa  gives  origin  to  a 
.cle$    Zygomatic  Surface.    Looks  backwaids  and 
-ward  ;  presents  at  its  lower  part  a  rounded  eminence 
prominent  before  than  after  the  growth  of  the 
-'lorn  tooth,   and  called   the   maxillary   tuberosity. \\ 
-,ut  the  middle  of  this  surface  appear  the  apertures, 
.  or  three  in  number,  of  the  posterior  dentar  canals  ; 
1  at  the  inner  and  lower  part  there  are  some  inequalities 
,vhich  articulate  with  the  tuberosity  of  the  palate  bone 
(89)  and  sometimes  (but  very  rarely)  with  the  pterygoid 
proceas  of  the  sphenoid.  ,i  , 

^  78  Intern-  vl  Aspect.  Divided  by  the  palatine  process 
into  two  portions  of  unequal  size ;  the  superior  and  larger 
belon-nnc;  to  the  cavity  of  the  nose,  the  inferior  and 
.  smaller  to  that  of  the  mouth.  This  division,  however,  is 
not  r^rffct.  for  the  palatine  process  is  deficient  behind,  so 
as  to  allow  a  communication  between  the  two  portions. 
We  shall  hereafter  find  that  the  deficiency  is  supphed, 
and  the  separation  completed,  by  the  palate  bone. 

70.  Pu.-.TiNE  Phocess.    a  strong  plate  of  bone,  pro- 
jecting horizontally  inward  from  the  internal  surface  ot 

*  Tranwiits  the  irifra-or+>iter  vessels  and  nerve. 
+  Transmits  the  anterior  dental  vessels  and  iieryns. 
X  The  upper  ynv-^  orijrin  to  the  lev:  tor  labii  supenoris,  tho 
lower  to  the  levator  laVjii  siiperions  ahcque  nasi. 
8  fiepressor  labii  supenoris  ah-eque  nasi. 

I  This  name  is  sometimes  applied  to  the  whole  of  the  /.ygomatic 
Borfare. 

^  Transmit  the  postorior  dental  vessels  and  nerves. 
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thp  IT!'  *^T^T'  '''^"'■•^  ^^^'^  ^^ehind,  forming  the  floor  of 
exammation  two  surfaces  and  four  borders.  SujiFlcE? 

ftZr'" V  .^'^M*^'  ^'^^^^  f™'^  before  backward  concave 
hom  side  to  side,  and  perforated  in  front  by  a  can^ 

canal  ofir^  '"T""^  f"^  .loi-  the  simS 

canal  of  the  opposite  side  to  form  the  anterior  i.nla^ 

Ir^  101 .  Kongh,  concave  from  back  to  front,  perforated 
with  many  httle  apertures  for  nutrient  vessels  and 

nrcV,        ^  Others  very  deep,  sometimes  covered  by  a  bony 

aouble)foi  the  transmission  of  vessels  and  nerves  +  It 
piesents  anteriorly  when  joined  with  the  opposite  bone 

anterW   n  Vr'''''^''^'  ^^^^-^^  ""fi'^e  of  the 

anteiior  palatine   canal  above   mentioned.  Bokdees. 

^nZi.   ^7*'^?}''  tl^"^  bone.  Inner. 

Eough  vertical,  thicker  before  than  behind;  surmounted 
t>y  a  iKlge,  which,  with  the  corresponding  crest  of  the 
opposite  bone,  forms  a  groove  for  the  reception  of  the 
vomer,  and  marked  at  its  anterior  inferior  part  by  a 
groove  which  contributes  to  form  the  anterior  ralJine 
canal  Anterior. ^  Short,  thin,  smooth,  curved  ;  formincr 
part  of  the  anterior  orifice  of  the  nasal  fossre  ;  and  pro- 
longed forward,  internally,  into  an  acute  angle,  which 
unites  with  the  opposite  to  form  the  anterior  nasal  spine, 
l  ostenor.  Short,  denticulated,  bevelled  at  the  expense  of 
the  upper  surface,  and  articulated  with  the  palatine  plate 
of  the  palate  bone.  ^ 

80.  Internal  Aspect.  Superior  or  nasal  division. 
Broad  and  vertical,  forming  the  outer  boundary  of  the 
nasal  fossas,^  and  the  inner  wall  of  a  large  trian-^ular 
chamber,  which  excavates  the  body  of  the  maxillary  bone, 
and  opens  near  the  middle  of  the  internal  aspect  This 
cavity,  which  is  called  the  ma.villari/  siinis,  or  avtrum  of 
Highnim-e,  is  bounded  above  by  the'  orbitar  plate  ;  below 
by  the  base  of  the  alveolar  process  ;  in  front  by  the  facial 
surface  ;  and  behind  by  the  zygomatic  surface.  Its  apes, 
directed  outward,  is  formed  by  the  malar  process  ;  and  its 
base,  directed  inward,  by  the  outer  wall  of  the  nose.  Like 

*  Transmits  (lio  iititorior  palatine  vessels  aud  nerves,  and  lodges 
the  naso-palatiuc  ganglion. 

f  Posterior  palatine. 
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-le  frontal,  sphenoidal,  and  other  sinuses  of  the  craninm, 
IS  often  subi-livided  by  little  projecting  lanainaj ;  its  roof 
;  traversed  by  the  infra-orbitar  canal,  and  its  o^^ter  wall 
Y  the  posterior  deniar  canals,  which,  commencing  above 
<id  behind,  near  the  centre  of  the  zygomatic  surface, 
weep  round  it  downward  and  forward,  sometimes  to  open 
a  tlie  facial  surface,  or  in  the  cavity  of  the  antriim,  or 
I  the  alveoli  of  the  teeth  ;  sometimes  to  be  lost  in  the 
3llular  tissue :  sometimes  to  degenerate  into  grooves, 
rhich  run  a  little  way  on  the  waU  of  the  antrum,  and 
aen  disappear.    They  transmit  vessels  and  nerves  (of 
ae  same  name)  to  the  teeth.    The  floor  of  the  antrum  is 
reqnently  pushed  up.  sometimes  even  perforated,  by  the 
angs  of  the  teeth.    Its  inner  wall  is  perforated,  near  tbe 
iiiddle.  bv  a  large  irregularly  shaped  aperture,  tbrougb 
trhich  it  communicates  with  the  nasal  fosste.   The  margin 
f  this  aperture  is  thin  and  ragged  ;  in  the  united  skull 
i  is  overlapped,  above  by  the  ethmoid,  below  by  the 
aferior  turbinated,  behind  by  the  palate  bone.    It  is 
lometimes  double.    I  have  seen  two  skulls  in  which  it  is 
arayersed  by  several  little  tongues  of  bone,  which  give  it 
<  cribriform  appearance.    Above  this  aperture  are  several 
talf  cells  completed  by  the  ethmoid ;  below  it  is  a  smooth 
oncave  surface,  belonging  to  the  inferior  meatus  of  the 
aose,  and  traversed  by  a  fissure,  which  runs  from  the 
■vrifice  of  the  antrum  obliquely  downward  and  backward, 
to  receive  the  maxillary  jjrocess  ol  the  palate  bone;  (89) 
oehind  it  is  an  uneven  surface  which  articulates  with  the 
vertical  plate  of  the  palate  bone.    This  last  surface  is 
■traversed  hiy  a  groove  which  commences  at  the  middle  of 
rHae  p<'^sterior  border,  runs   obhquely  downward  and 
/orward,  and  contributes  to  form  the  posten-ior  palatine 
taruil*    In  front  of  the  orifice  of  the  antrum  is  a  deep 
^oove,  sometimes  converted  into  a  canal  by  a  lamina  of 
oone,  directed  upward  and  forward,  and  forming  part  of 
the  n/JHO-lachrymal  canal.    (135)    In  front  of  this  groove 
Hg  a  nearly  horizontal  ridge,  which  articulates  with  the 
inferior   turbinated   bone,   and  is  called   the  inferior 
t,ijt/rhinat':d  crc.nt.    Above  this  crest  is  the  internal  surface 
of  the  nasal  process  ;  which  will  be  presently  described. 
'Below  it  is  a  smooth  surface,  concave  from  above  down- 
•ward,  and  belonging  to  the  inferior  meatus  of  the  nose. 


*  Transmits  the  posterior  palatino  veHHcIs  and  ucrves. 
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Inferior  or  Oral  division.  Small,  uneven,  concave, 
marked  with  little  furrows  and  aj^ertures  for  nutrient 
vessels. 

81.  The  ciRCUMFKBENCE,  or  hne  of  separation  between 
these  aspects,  presents  below,  the  alveolar  procfss,  a 
curved  eminence,  thicker  behind  than  before,  hollowed  by 
eight  deep  conical  cavities  (called  alveoli)  for  the  insertion 
of  the  teeth,  and  marked  internally  and  externally  by  a 
series  of  alternate  eminences  and  depressions,  which 
corresijond  to  the  alveoli,  and  to  the  intervals  between 
them.  The  alveoli  vary  in  size  and  form  according  i 
to  the  teeth  they  respectively  contain.  Those  of  the 
incisors  are  deep,  narrow,  and  single ;  those  of  the 
grinders  are  wide,  and  subdivided  into  minor  cavities 
cor  re  S13  ending  to  the  fangs  of  the  teeth  ;  those  of  the 
superior  canine,  or  eye.-teeili,  are  the  deepest  and  most 
prominent  externally,  where  they  form  on  each  side,  a 
vertical  ridge  called  the  canine  eminence,  that  separates 
the  infra-orbitar  from  the  myrtiform  fossa.  Anteriorly 
the  circumference  presents,  first,  a  deeply  concave  edge, 
which  is  called  the  nasal  notch  of  the  upper  maxillary, 
and  contributes  to  form  the  anterior  aperture  of  the 
nasal  fossae  ;  below  this,  an  eminence  which  forms  half 
of  the  anterior  nasal  sf  ine ;  and  below  this  again,  a  short 
vertical  border,  which  unites  with  that  of  the  opposite 
bone.  Posteriorly,  the  circumference  is  indicated  by  the 
maxillary  tuberosity.  Above,  it  is  formed  by  the  inner 
border  of  the  orbitar  plate,  and  in  front  of  that  by  the 
Ascending  or  Nasal  pkocess.  This  is  a  stout  triangular 
eminence,  directed  upward,  inward,  and  backward; 
smooth,  concave,  and  marked  with  vascular  apertures, 
on  its  external  surface,  where  it  gives  attachment  to 
muscles  ;*  less  even  within,  where  it  presents,  at  its 
u^Dper  part,  some  rugosities  (occasionally  a  little  half-cell), 
covered  by  a  plate  of  the  ethmoid ;  below  these  a  hori- 
zontal crest,  which  articulates  with  the  middle  turbinated 
bone,  and  is  cajlled  the  middlo  turbinated  crest  of  the 
upper  maxillary;  and  below  this  again  a  horizontal 
shallow  groove,  marked  with  arterial  furrows,  and  be- 
longing to  the  middle  meatus  of  the  nose.  This  groove  is 
bounded  below  by  the  inferior  turbinated  crest  of  the 
upper  maxUlary  (a  horizontal  ridge  which  marks  the  line 


*  Levator  labii  superioris ;  and  levator  labii  superioris  aUxquo  nasi. 
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■  nction  between  the  nasal  process  and  the  rest  of  the 
Such  are  the  sHrfaces  oi  the  nasal  process;  its 
,minit  presents  deuticulations  which  join  the  internal 
awular  process  of  the  frontal ;  its  anterior  border  in  tliin, 
id  bevelled  at  the  expense  of  the  inner  siirface  above,  of 
le  outer  surface  below,  to  articulate  with  the  nasal 
yne:  its  j:iOsteri or  bonier  is  very  thick,  and  divided  by 
groove  into  two  edges,  of  which  the  internal  (also 
osterior)  articulates  with  the  lachry  mal  bone ;  the 
rternal  (also  anterior)  is  free,  and  forms  part  of  the  cir- 
.imference  of  the  orbit ;  while  the  intervening  groove 
ontributes  to  form  the  naso-lachrynial  canal.  (135) 
inst  where  this  border  joins  the  body  of  the  bone,  there 
;  a  httle  angle  described  by  Bourgery,  as  the  lachrymal 
tbercle.  It  was  pointed  out  by  Lisfranc,  who  considers 
•.  to  be  of  importance,  as  affording  a  surer  guide  than 
16  tendon  of  the  orbicularis,  in  the  operation  for  fistula 
ichrvTnalis. 

82.'  Structure.  Processes  cellular,  walls  of  the  antrum 
ompact.  DEVELOPiiENT.  By  separate  ]ioints  for  the 
alatine,  malar,  and  nasal  processes  ;  by  a  point  for  the 
ody ;  by  several  points  (which  are  the  first  to  appear) 
Dr  'the  'alveolar  process  ;  and  sometimes  by  an  extra 
■oint  for  a  little  piece  analogous  to  the  intermaxillary 
one  of  quadrupeds.  This  portion  is  indicated  in  young 
ones  by  a  fissure,  which  if  perfect  would  cut  off  the 
.nterior  comer  of  the  bone,  including  the  two  incisor 
eeth.  But  this  fissure,  though  often  deep  and  distinct 
ntemally,  is  seldom  continued  on  the  facial  surface  of 
he  bone'  Another  fissure,  indicating  in  like  manner  an 
mperfect  division  of  the  bone  during  fcetal  life,  extends 
in  young  specimens)  from  the  anterior  end  of  the  orbitar 
■^oove  to  the  infra-orbitar  foramen.  When  these  clefts 
.lave  disappeared,  their  former  position  is  still  indicated, 
n  many  bones,  by  little  sutures.  The  maxillary  sinus 
levelopH  gradually  by  age.  Articulations.  With  the 
Tontal,  nasal,  malar,  lachrymal,  ethmoid,  palatine, 
nferior  turbinated,  vomer,  opposite  maxillary,  teeth, 
md  sometimes  sphenoid,  by  the  several  points  above 
mentioned. 

OF  TIIK  MALAR  BONES. 

83.  A  pair  of  irregularly  quadrilateral  bones,  occupying 
the  upper  and  outer  part  of  the  face,  and  consisting  of  a 
body  and  a  jwoccss.    Each  of  these  parts  presents  for 
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exammation  two  surfaces,  and  four  honlers :  the  body  » 
also  presents  four  angles.  ' 

8-1..  Body.  The  largest  and  thickest  part  of  the  hone.  i 
Placed  vertically  in  the  face,  it  forms  the  cheek  in  front,  i 
and  contributes  behind  to  the  temporal  and  zygomatic  it 
fossnj.     SuiiPACES.    Older  or  anterior.     Smooth  and  I'J 
convex,  directed  outward,  forward,  and  a  little  upward,  1; 
covered  in  the  recent  state,  by  a  muscle,*  and  marked  I 
near  the  centre  by  a  small  hole — sometimes  by  more  than    I ; 
one.    These  ai-e  the  apertures  of  little  passages  called  Mr 
the  malar  canals,  which  will  be  presently  described. 
Inner  or  fosterior.    Directed  backward,  inward,  and  a 
little  downward ;  presents  infernally  a  triangular  rough 
surface,  which  articulates  with  the  malar  process  of  the 
upper  maxillary ;   at   its  outer  and  iiosterior  part  a 
smooth  surface,  narrow  and  very  concave  ahove,  where  it 
belongs  to  the  temporal  fossa,  wider  but  less  concave 
fcelowT  where  it  contributes  to  the  zygomatic  fossa,  and 
presents  the  aperture  of  a  malar  canal.    Angles.  The 
superior,  thick  and  serrated,  articulates  with  the  external 
orbitar  process  of  the  frontal;  the  anterior,  thin  and 
pointed,  and  the  inferior,  obtuse  and  thick,  articulate 
with  the  malar  process  of  tlie  superior  maxillaiT" ;  while  I 
the  posterior,  denticular,  prominent,  and  bevelled,  articu- 
lates with   the  zygomatic  process  of  the  t«mix)ral. 
Borders.    If  a  line  be  drawn  vertically  from  the  upper  to 
the  lower  angle  of  the  bone,  two  of  the  borders  wiU  be  . 
found  anterior,  and  two  posterior  to  it.    Of  the  former,  i 
one  is  anterior- superior,  and  forms  part  of  the  orbit;  I 
the  other  anterior-inferior,  and  articulates  with  the  malar  ■  I 
process  of  the  upper  maxillary.    Of  the  latter,  one  is  - 
poster!  or-sM.]iei-i  or,  and  corresponds  to  that  part  of  the  inner  ■  i 
surface  which  contributes  to  the  temporal  fossa;  the  other  ■  i 
is  nosterior-inferior,  and  corresponds  to  that  part  of  the 
inner  surface  which  contributes  to  the  zygomatic  fossa. 
Anterior-snperior,  or  orbitar  border.    Is  smooth,  concave, 
and  rounded,  and  forms  a  considerable  part  of  the  circum- 
ference of  the  orbit.    Anterior-inferior,   or   viaxilhiry  i 
border    Eouf^h,  and  bevelled  at  tlie  expense  of  the  outer  -  ; 
surface,  to  articulate  with  the  upper  maxillary ;  which  > 
here  overlaps  the  malar.    Postcrior-snperion  or  temporal  i 
border     Curved  like  an  italic  /,  and  continuous  below  ■ 


•  Orbiculiiris  palpebrarum. 
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with  the  upper  border  of  the  zygomatic  process,  above 
■:■  ith  the  temporal  ridge  of  the  frontal.  It  forms  the 
rerior  limit  of  the  temporal  fossa,  and  attaches  a  strong 
aponeurosis.*  Posterior-inferior,  or  zygomatic.  Thick, 
especialiv  in  front,  continuous  with  the  lower  border  of 
the  zygomatic  process,  and  uneven  for  the  attachment  of 
a  strong  muscle.f 

85.  Orbitah  Process.    A  thin  curved  plate  which  pro- 
jects backward  from  the  orbitar  margin  of  the  bone,  at 
right  angles  to  the  posterior  surface  of  the  body.  Its 
upper  surface,  smooth  and  concave  from  side  to  side,  con- 
tributes to  the  floor,  and  to  the  outer  wall  of  the  orbit. 
Its  loicer  surface,  also  smooth,  but  convex,  contributes  to 
the  temporal  fossa.    Of  its  borders,  the  anterior  is  identi- 
cal with  the  orbitar  border  of  the  body  already  described ; 
the  superior  is  serrated,  horizontal,  and  articulated  to  the 
frontal  bone  just  behind  its  external  angular  process  ;  the 
posterior,    also    serrated,   is    vertical,    and    joins  the 
orbitar  plate  of  the  sphenoid  ;  the  inferior  (or  internal) 
is  serrated  hke  the  former,  and  horizontal  for  articulation 
with  the  orbitar  plate  of  the  superior  maxillary  bone.  At 
the  angle  of  junction  between  the  two  last-mentioned 
borders  (i.e.  the  sphenoid,  and  the  maxillary),  there  is 
generally  a  very  short  rounded  margin,  which  forms  the 
anterior  boundary  of  the  spheno-raaxillary  fissure.  Its 
length  varies  with  the  width  of  the  fissure;  sometimes 
it  is  entirely  wanting.    In  this  case  the  malar  bone 
does  not  enter  into  the  formation  of  the  fissure,  which  is 
then  completed  in  front  by  the  junction  of  the  upper 
maxillary  and  sphenoid.    (This  disposition  is  sometimes 
seen  in  one  orbitar  fossa,  while  on  the  opposite  side  of  the 
stall  the  spheno-maxillary  fissure  is  completed  by  the 
malar  V^one.)    Upon  the  upper  surface  of  the  orbitar  plate 
appear  the  orifices  of  one  or  two  malar  coAials.    We  have 
already  described  similar  apertures  on  the  two  stirfaces  of 
the  \)<Aj  ;  and  may  now  speak  of  the  canals  themselves. 
Though  .seldom  entirely  wanting,  they  are  very  irregular 
as  to  size,  number,  and  course.    A  common  disposition  is 
the  following.    From  the  hole  on  the  zygomatic  surface 
of  the  body  a  canal  runs  a  little  way  forward  and  upward, 
and  then  divides  into  two  branches,  one  that  ascends  to 
open  on  the  orbitar  surface,  another  that  descends  to 
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open  on  the  anterior  or  facial  surface.  Sometimes  there 
are  several  canals  unconnected  witli  each  other ;  and  one 
or  more  may  cease  within  the  substance  of  the  bone. 
Some  of  them  give  passage  to  small  nervous  filaments  ;* 
others  admit  little  nutrient  vessels  into  the  cancellous 
tissue  of  the  bone.  . 

86.  STRUCTtiiiE.  Compact  externally,  cellular  withm. 
Development.  By  a  single  point.  Ab,ticul.^.tions.  With 
the  upper  maxillary,  frontal,  temporal,  and  sphenoid. 

OF  THE  PAXATE  BONES. 

87.  A  pair  of  complex  bones,  situated  between  the 
palatine  plate  of  the  superior  maxillary  and  the  pterygoid 
process  of  the  sphenoid,  and  each  consisting  of  two  plates 
joined  at  a  right  angle;  an  inferior  horizontal,  and  a 
superior  vertical.  m,  •  i  i  • 

88.  Horizontal  or  Palatine  Plate.  Thick,  quadri- 
lateral, and  continuous  with  the  palatine  process  of  the 
superior  maxillary  ;  like  which  process  it  presents  two 
surfaces  and  four  horders  for  examination.  Surfaces. 
Upper.  Smooth,  concave  from  side  to  side,  level  from 
back  to  front,  forming  part  of  the  floor  of  the  nose. 
Lower.  This  surface,  level  though  rough,  forms  the  back 
part  of  the  hard  palate,  presents  posteriorly  a  trans- 
verse ridije  (often  indistinct)  for  the  attachment  ot  a 
muscle,t  and  at  the  outer  extremity  of  this  ridge,  the  oval 
orifice  of  the  posterior  palatine  canal.  Near  this  hole 
there  are  frequently  the  smaller  oriiices  of  one  or  two 
accessor^!  posterior  palatine  canals.  Lastly,  irom  this 
aperture  a  groove  runs  forward,  to  become  continuous 
with  a  similar  groove  on  the  palatine  process  of  the  upper 
maxillary,  (79)  and  to  transmit  the  same  vessels  and 
nerves  T  Edges.  External.  Joins  the  vertical  plate. 
Internal.  Straight,  thick,  and  serrated,  for  articulation 
with  the  opposite  bone;  sarmounted  by  a  cre^'^  winch 
helps  to  form  a  groove,  continuous  with  the  groove  lormed 
by  the  two  upper  maxillary  bones,  and,  like  that,  designed 
for  the  reception  of  the  vomer.  Anterior,  berrated, 
bevelled  at  the  expense  of  the  lower  surface,  and  sup- 
ported by  the  palatine  plate  of  the  superior  maxiUary. 

.  Filaments  of  tlw  malar  bniuch  of  the  ophthalmic  uerye,  which 
pass  through  the  malar  bono  to  anastomose  Y;''\''';*^;'v,'i'.  iino 
^     t  Ciroumflexus  palati.  j  Posterior  palatmo. 
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F  '.^ferior,  or  Guttural  This  border,  thin,  smooth,  and 
c.)ncave,  terminates  the  hard  palate,  and  gives  attach- 
ment to  the  soft  *  By  uniting  with  the  internal  border, 
it  forms  a  projecting  angle,  which,  when  joined  with 
that  of  the  opposite  side,  constitutes  the  posiertof  7iasat 

'       YzkiicjlL  Plate.    Thin,  qnadrilateral,  oblong,  and 
lined  from  below  upward,  and  a  httle  inward.  Fre- 
ts for  exammation  two   surfaces,  four   horders,  two 
■resses,  and  a  notch.    Sukfaces.    Internal.  Presents 
irom  below  upward,  Hrst,  a  shallow  horizontal  groove, 
n which  belon<T3  to  the  inferior  meatus   of  the  nose; 
jBecondlv,  a  ho^rizontal  crest,  with  which  the  infenor  turbi- 
rnated  bone  articulates  ;  thirdly,  another  horizontal  j/roove 
tbelon-^ino-  to  the  middle  meatus  ;  fourthly,  a  second  eres<, 
-to  which^'the  -mirfcne  turbinated  bone  is  attached.  _  these 
.  crests  are  called  respectively  the  swpertor  and  infenor 
iturbinnfed  crests  of  the  palate  bone;  they  are  on  a  line 
i-with  the  corresponding  crests  of  the  superior  maxillary 
•  bone  alreadv  described  (80).    External.  Uneven,  marked 
'  with  arterial  impressions,  and  closely  fitted  to  the  inner 
.•  surface  of  the  upper  maxillary ;  with  the  posterior  part 
of  which  it  articulates  in  the  united  skull.    It  is  traversed 
obUqnely  by  a  groove,  which,  with  one  that  has  been 
described  on  the  superior  maxillary,  (80)  forms  the  upper 
■  part  of  the  posterior  palatine  canal:   and  it  presents 
superiorly  a  httle  smooth  surface,  which  appears  m  the 
zygomatic  fossa.    Edges.    Inferior.  Joins  at  right  angles 
the  horizontal  or  palatine  plate.    Anterior.  Uneven,  thm, 
and  prolonged  forward  at  its  lower  part  into  an  angular 
process  whTch  contracts  the  entrance  of  the  antrum.  It 
18  received  into  a  slit  of  the  upper  maxillary  bone  just 
below  that  orifice,  whence  it  is  often  called  the  mmullnry 
mocens  of  the  palate  bone.    Its  form  varies  considerably 
m  different  skulls.— I  have  seen  it  a  long  ragged  denticu- 
latioD,  wider  at  the  extremity  than  at  the  root ;  at  other 
times  it  i.s  very  short ;  it  is  usually  triangular,  with  the 
apex  directed  forward;  and  it  always  occurs  below  the 
level  of  the  inferior  turbinated  crest.    (It  is  very  fragile, 
and  frequently  breaks  during  the  separation  of  the  bones.) 
ToKt-e-fri/f .  Uneven,  hollowed  by  a  narrowed  groove  which 
receives  the  anterior  edge  of  the  pterygoid  process  of  the 


•  Also  called  the  vf:liim  pendulum  palati. 
1  2 
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sphenoid.    The  angle  formed  by  the  junction  of  this 
border  with  the  guttural  border  of  the  horizontal  plate,  is 
prolonged  into  a  triangular  eminence  called  the  Pyramid al 
PROCESS,  or  TUBEROSITY  of  the  palate  bone.    This  process 
projects  downward,  outward,  and  backward,  and  is  received 
into  the  bifurcation  of  the  pterygoid  process  of  the  sphe- 
noid.   It  is  fluted  behind  by  three_  vertical  grooves  lying 
side  by  side,  of  which  the  inner  is  the  deepest,  and  re- 
ceives the  internal  plate  of  the  pterygoid  process ;  while 
the  o'ider,  less  deep  and  distinct,*  but  rougher,  is  joined 
to  the  external  plate  of  the  pterygoid  process  ;  and  the 
middle,  wider,  shallower,  and  smoother  than  the  others, 
fills  up  the  space  left  by  the  bifurcation  of  the  pterygoid 
plates,  and  so  completes  the  pterygoid  fossa.    The  lower 
surface  of  the  pyramidal  process  belongs  to  the  palatine 
arch,  and  presents  the  orifices  of  one  or  two  small  acces- 
sory posterior  ■palatine  canals.     Its  outer   surface  is 
uneven,  and  articulates  with  the  inner  surface  of  the 
upper  maxillary.    Superior  edge  {of  the  vertical  plate). 
Supports  two  processes  separated  by  a  notch.    Of  the 
processes,  the  posterior  and  shorter  stands  upward  and 
inward,  and   is   called  the   sphenoidal   process;  the 
anterior  and  longer  stands  upward  and  outward,  and  is 
called  the  orhitar  process  ;  while  the  intervening  space 
is  called  the  spheno-palatine  notch.  Sphenoidal  Process. 
Presents  three  surfaces,  an  internal,  external,  and  supe- 
rior ;  and  two  borders,  an  anterior  and  a  fiosterior.  The 
internal  surface  is  smooth,  and  contributes  to  the  outer 
wall  of  the  nasal  fossa.    The  external  surface  is  divided 
into  two  parts ;  a  posterior  articulated  to  the  inner  sur- 
face of  the  pterygoid  process  of  the  sphenoid ;  and  an 
anterior,  of  less  extent,  tree,  and  forming  part  of  the 
zyo-omatic  fossa.    The  superior  surface  or  summtf,  articu- 
lates with  the  anterior  part  of  the  floor  of  the  sphenoidal 
sinuses,  i.e.,  with  the  horizontal  portion  of  the  sphenoidal 
turbinated  bone  (which  sometimes  remains  separate  from 
the  sphenoid,  and  is  united  to  this  process),  and  presents 
a  o-roove  which  contributes  to  the  ptenjgn-palaiine  canal. 
Of  the  borders,  the  posterior,  which  is  thin  and  uneven, 
rests  ao-ainst  the  pterygoid  process,  while  the  an  tori  or,  which 
is  thicker  and  more  even,  forms  the  posterior  boundary  ot 
the  spheno-palatine  notch.    Ohbitau  Process.    A  hoUow 


•  Somotimos  not  a  groove,  but  a  mere  soiTated  line. 
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ipopliysis,  formed  of  thin  laminEe  which  include  a  cell,  and 
"  -^"oorted  upon  a  contracted  pedicle  or  neck.    At  the  base 
tiiij  pedicle  occurs  the  superior  turhinated  crest  of  the 
>alate  bone  (already  described);  and  just  above  that  crest, 
"1  the  inner  surface  of  the  pedicle,  is  a  little  transverse 
t-e  belonging  to  the  upper  meatus  of  the  nasal  fossa. 
^  orbitar°process  presents  three  aspects,  an  inner,  an 
r,  and  an  tipper;  which  last  is  called  the  summit. 
But  the  inner  and  outer  aspects  are  each  subdivided  into 
an  ayiteriur  and  posterior  part,  so  that  there  are  altogether 
surfaces  for  description  ;  viz.,  an  orbitar,  a  maxillary, 
.phenoid,  an  ethmoid,  and  a  zygomatic.    The  respective 
-.irectious  of  these  several  surfaces  are  best  observed  by 
-  ining  the  palate  bone  to  the  upper  maxillary,  and 
iceeslively   applying   the   contiguous  bones.  Upp)er 
:,ect  {oT  Orhitar  surface.)    Directed  upward  and  out- 
bid;  smooth,  triangular,  continuous  with  the  orbitar 
_:ite  of  the  upper  maxillary,  and  consequently  forming 
,rt  of  the  floor  of  the  orbit.    Outer  aspiect,  anterior  divi- 
_n  (or  nuudllary  surface.)    Directed  outward,  down- 
ird,  and  forward;  oblong,  uneven,  and  articulated  to 
■     inner  surface  of  the  upper  maxillary.    Outer  aspect, 
iterior  divi--,ion  (or  zygomatic  surface.)    Directed  out- 
ard,  downward,  and  backward  ;   oblong,  smooth,  free, 
ntinuous  with  the  zygomatic  surface  of  the  upper 
.axillary,  and  belonging  to  the  zygomatic  fossa.  _  Inner 
■pert,  anterior  division  (or  ethmoidal  surface.)  Directed 
:ward,  upward,  and  forward,  to  articulate  with  the 
■hmoid.    Inner  aspect ,  posterior  division  {or  sphenoidal 
rrface.)     Directed  inward,  upward,  and  backward,  to 
articulate  with  the  anterior  wall  of  the  sphenoidal  sinus, 
■  6.,  with  the  vertical  portion  of  the  sphenoidal  turbinated 
one.    On  one  or  other  of  the  two  last-mentioned  sur- 
\ce.=i  apjjcars  the  large  ragged  orifice  of  the  cell  that 
Tcavates  thin  process.    When  this  cell  opens  on  the 
fhraoid.nl  surface,  it  communicates  with  the  posterior 
*hmoid  cells  ;  when  on  the  sphenoidal  surface  (which  is 
.'le  uHual  arrangement),  it  communicates  with  the  sphe- 
oidal  .sinus.    I  have  a  specimen  in  which  this  process 
■mtain?)  two  cells,  one  commnuicating  with  the  ethmoid 
>;ll-i,  the  other  with  the  sphenoidal  sinus.  Si'Heno- 
:  ALATISE  Nr/Tf  if.    Koiind  and  smooth,  converted  into  a 
hole  called  the  upheno-palotine  foramen  by  the  sphenoidal 
'arbinated  V^one,  or  sometimea  by  a  slip  of  bone  passing 
norizontally  between  the  two  processes  just  described. 
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This  hole  is  sometimes  crossed  by  little  threads  of  bone, 
which  divide  it  into  several  smaller  foramina.  I  have  a 
palate  bone  in  which  it  is  triple.  It  forms  a  communica- 
tion  between  the  nasal  and  zygomatic  fossas,  lodges  a 
nervons  ganglion,*  and  transmits  an  artery. f 

90.  Structure.  Compact  where  thin,  cellular  in  its 
thicker  parts.  Develoi-ment.  By  a  single  point,  which 
appears  at  the  base  of  the  pyramidal  process.  Articu- 
lation. Principally  with  the  upper  maxillary,  to  which 
it  is  a  kind  of  appendage  ;  also  with  the  opposite  palate 
bone,  the  ethmoid,  sphenoid,  si^henoidal  turbinated, 
inferior  turbinated,  and  vomer. 


OF  THE  NASAL  BONES. 

91.  A  pair  of  small  oblong  bones,  situated  in  the  upper 
and  middle  part  of  the  face,  and  concurring  to  form  the 
bridge  of  the  nose;  they  slant  from  above  obliquely 
downward  and  forward,  are  rather  variable  in  form, 
and  present  for  examination  two   surfaces   and  four 

borders.  . 

92.  Surfaces.  Anterior.  Directed  forward,  upward, 
and  outward ;  smooth,  more  or  less  concave  from  above 
downward,  convex  transversely,  covered  in  the  recent 
state  by  a  muscle,  marked  with  minute  arterial  furrows, 
and  perforated  in  the  middle  by  a  small  hole  for  the 
transmission  of  a  little  vein.  This  hole  is  sometimes 
absent  on  one  side  or  both  ;  at  other  times  it  is  double, 
or  surrounded  with  several  smaller  ones.  The  foramen 
ca3cum  of  the  cranium  has  been  seen  to  open  on  this  sur- 
face (72)  Posterior.  Convex  from  above  downward, 
concave  from  side  to  side,  traversed  by  minute  artenal 
furrows,  and  by  a  very  distinct  longitudinal  groove 
(sometimes  a  complete  canal)  wliich  transmits  a  small 
nerve.t  This  surface  also  presents  the  mner  oriface  ot  the 
little  venous  foramen  described  above. 

93  BoiiDERS.  Snperior.  Short,  thick,  serrated,  con- 
vex and  articulated  with  the  nasal  notch  of  the  frontal. 
Inferior  Longer  and  thinner  than  the  upper,  sloped 
obliquely  downward,  backward,  and  outward,  articulated 
to  the  lateral  cartUage  of  the  nose,  and  interrupted  in  the 


•  Spbpiio-pnl.itino. 
t  Nnsfil  branch  (if  the  iutprnal  m.nxillary. 
t  A  filameut  of  the  iiiterual  uasal  twig  of  the  ophthalmic. 
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Mdle  bv  an  an-iilar  notch  for  the  transmission  of  a 
rve*    The  au-le  of  junction  between  this  border  and 
internal  is  very  acute,  and  concurs  with  the  similar 

;,le  of  the  opposite  bone  to  form  a  sharp  eminence 
:  uietimes  called  the  nasal  angle  ^'f  ['"'j. 
^l,ove  than  below,  slightly  serrated,  and  bevelled  at  the 
r^pen^e  of  the  anterior  surface  above,  of  the  posterior 

•  rtace  below.  It  articulates  with  the  nasal  process  of 
■-'e  upper  maxillary;  overlapping  it  below  ;  overlapped 
•nfiSove.  Internal.  Shorter  than  the  external,  thicker 
^bove  than  below,  prolonged  behind  into  a  longitiidmal 
.,-  .t  (more  prominent  above  than  below),  which  with  the 
corre-pon.ling  ridge  of  the  opposite  bone  forms  a  groove 
tnat  riceivesUe  nasal  spine  of  the  frontal,  and  the  per- 
pen.Iicular  plate  of  the  ethmoid.  •  n    ,f  +i,^ 

Q-i  Structure.  Cellular  internally,  especially  at  the 
up:per  part,  where  it  is  thickest.   Development    By  a 

-4cde  point  in  the  centre.    Articulation._   With  the 

..•ontal,  upper  maxillary,  ethmoid,  and  opposite  nasal. 

OF  THE  rSFEBIOR  TURBINATED  BONES. 

05  A  pair  of  little  oblong  porous  bones,  situated  in 
the  na-^al  fossffi.  the  outer  walls  of  which  they  traverse 
horizontally,  one  on  each  side,  just  below  the  oiifice  ot 
the  antrum.  Their  size  is  very  variable.f  .  Their  hgure 
is  like  that  of  a  scroll,  being  curved,  or  as  it  were,  roiiecl 
nv  =0  as  to  present  a  convexity  towards  the  nose,  a  con- 
ca^tv  in  the  opposite  direction.  They  have  two  surfaces, 
two  Ur<hrs,  two  exfreraities,  and  three  processes 

06  Surfaces.  Spongy,  free,  perforated  with  vascular 
hoifs  and  covered  in  the  recent  subject  with  the  hning 
mfrnbrane  of  the  nose.  The  infernal  is  convex,  and 
travfr^»-d  by  one  or  two  longitudinal  furrows  (sometimes 
complete  canals)  for  small  arteries;  the  external  i«  con- 
cave,* and  contributes  to  form  the  inferior  meatus  ot  the 

nose.  . 

07.  Edoes.    Lov;er.    Free,  cellular,  thick,  especially  m 


•  A  filament  of  the  internal  na.sal  twig  of  the  oplithalmic.  _ 
t  A  person  in  the  habit  of  separatinK  skulls  infonn"!  me  that  in 

the  finest  .skulls  these  are  Korn.timeH  shnvellfd  and  small; 

while  in  skulls,  otherwise  imperfectly  developed,  they  aro  Ire- 

qnently  larsre  and  well  marked.  , 
:  Hornetiriies  so  much  so  aa  to  pr-isent  almost  tho  appearance  ot 

a  sinos. 
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the  middle,  and  convex  in  the  longitudinal  direction. 
JJffer.  Thin,  often  very  uneven,  and  divided  into  three 
portions  ;  a  ^wsterior,  which  articulates  with  the  inferior 
turUnated  crest  of  the  falate  bone  ;  (89)  an  anterior, 
wliich  articulates  with  the  inferior  turhlnafed  crest  of  the 
wp2?er  maxillary ,-  (80)  and  a  middle,  which  passes  across 
the  lower  part  of  the  orifice  of  the  antrum,  so  as  to 
diminish  its  extent.  Just  in  front  of  this  intermediate 
portion  arises  a  little  pyramidal  eminence,  called  the 
lachrymal  process.  This  articulates  by  its  summit  with 
the  angle  of  the  lachrymal  bone,  and  by  its  two  borders 
with  the  lips  of  a  groove  (80)  on  the  upper  maxillary, 
with  which  it  concurs  to  form  the  naso-laclirymal  canal. 
Just  heliind  the  intermediate  portion  another' little  angle 
called  the  ethmoidal  process  ascends  to  join  the  ethmoid 
bone.  It  varies  much  in  size  and  form,  and  is  some- 
times double.  Lastly,  between  these  two  eminences  a 
small  lamina  of  bone  curves  downward  and  outward, 
hooking  over  the  lower  edge  of  the  orifice  of  the  antrum. 
This  is  commonly  called  the  maxillary  (by  Berlin,  the 
auricular*)  process ;  it  fixes  the  bone  very  firmly  in  its 
place,  hanging  it,  as  it  were,  upon  the  outer  wall  of  the 
nasal  fossa. 

98.  Extremities.  Posterior.  Long  and  sharp.  Ante- 
rior.   Short  and  rounded. 

99.  Stkdcture.  Of  numerous  laminas  of  compact  tis- 
sue, so  irregularly  disjjosed,  that  the  whole  resembles  a 
mass  of  cellular  or  spongy  tissue.  Duvelopment.  By  one 
central  point.  Articulations.  With  the  upjjer  maxil- 
lary, palate,  ethmoid,  and  lachrymal  bones. 

OF  the  lachrymal  bones. 

100.  These,  the  smallest,  thinnest,  and  most  fragile  of 
the  facial  bones,  are  situated  at  the  anterior  part  of  the 
inner  wall  of  the  orbit,  and  jjresent  for  examination  two 
surfaces  and  four  borders. 

101.  SuREACES.  External  or  orhifar.  Divided  by  a 
vertical  ridge  into  two  uneqrial  parts ;  a  posterior  and 
larger,  flat,  smooth,  and  continuous  with  the  orbitnr  plate 
of  the  ethmoid ;  an  anterior  and  narrower,  perforated 
with  nttle  vascular  foramina,  and  concave  transversely  so 


•  So  callod  from  its  rosombl.njco,  which  is  often  very  striking,  to 
the  pendulous  ours  of  some  dogs. 
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-  to  form  a  longitudinal  channel,  whicli,  together  with 
that  has  been  described  on  the  nasal  jorocess  of  the 
■er  masillary,  forms  the  lachrijmal  groove  of  the  orbit. 
:s  groove  lodges  a  Httle  sac  of  the  same  name,  and  is 
^tinnous  below  with  the  naso-lachrijmal  canal,*  (135) 
which  it  commnnicates  with  the  inferior  meatus  of 
„e  nose.    The  ridge  itself  is  sharp  and  j^rolonged  for- 
ward below  into  a  little  hookdike  process,  which  articxt- 
--5  with  the  lachrymal  tubercle  of  the  upper  maxillary, 
L  completes  the  upper  orifice  of  the  naso-laclirymal 
d.     This  extremity  is  sometimes  a  separate  piece, 
;_-h  has  been  described  as  the  lesser  lachrymal  hone, 
■rnal  or  nasal.     The  exact  reverse  of  the  outer; 
:  1  versed  by  a  vertical  groove,  corresponding  to  the  ex- 
■  rnal  crest;  and  presenting  an  anterior  convex  part, 
-ich  corresponds  to  the  lachrymal  grooie,  and  belongs 
the  middle  meatus;   a  posterior  and  wider  portion, 
ieh  corresponds  to  the  orbitar  plate  of  the  outer  sur- 
is  uneven,  and  articulates  with  the  ethmoid,  com- 
ting  its  anterior  cells. 

■  '-2.  Borders.  Superior.  Short,  thick,  and  articn- 
:  \  to  the  internal  angular  process  of  the  frontal.  It' 
litea  presents  a  little  half  cell,  which  is  completed  by 
he  frontal.  Inferior.  Divided  by  the  end  of  the  verti- 
cal ridge  into  two  parts  ;  a  posterior,  straight,  and  articu- 
ated  to  the  orbitar  plate  of  the  upper  maxillary ;  an 
interior,  elongated  into  a  sharp  process  which  is  called 
.he  ari'jU  of  the  lachrymal  bone  ;  and  which,  descending 
a  meet  the  lachrymal  process  of  the  inferior  turbinated 
)oiie,  assists  to  form  the  naso-lachrymal  canal.  Pos- 
erior.  Thin,  uneven,  and  articulated  with  the  anterior 
X)Tder  of  the  orbitar  plate  of  the  ethmoid.  Anterior. 
Hus  VA  the  longest  border  ;  it  articulates  with  the  inner 
rf  the  two  lips  or  edges  that  occur  at  the  back  of  the 
Jasal  process  of  the  upper  maxillary,  and  frequently 


*  Tlif;  DfjjK-r  part,  of  ihxH  passage  is  frfqiifiitly  calleil  tlio  lach- 
■ymal  cnna/,  whil»!  th<;  lower  portion  is  <Ji.stinKui.sliijd  as  tlio  nasal 
'»naL  Thi^  suVyJi vl.Hiuri  U  very  Iooho  and  iiideliniti'.  and  if  it  wero 
iccnrat.f;  wonld  ntrvt:  no  usoful  piirpon<'.  it  sijiMns  innonsistont  to 
'Ji8tiD(fni.sh  th<:  ()],ymU:  i:u<\b  of  the  .samn  nanal  by  Hepaniln  names, 
while  the  two  portions  of  tho  glenoid  cavity,  entirely  different  iu 
■onnand  frinction,  situated  on  two  different  portions  of  tlje  tenijioral 
ijone,  and  3<:parated  by  a  deep  fissure,  are  inclndi  d  iintler  a  eoninion 
"Iwigiialion,  and  remain  undistinjjuishablo  except  \>y  a  periphrasis. 
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presents  a  narrow  groove,  into  which  that  lip  is  re- 

103'  Structure.  Of  extremely  thin,  compact  tissue. 
Development.  By  a  single  point.  AaTicuL.vrioss  With 
the  npper  maxillary,  fi-ontal,  nasal,  and  inierior  turbmated 
bones. 

or  THE  VOMER. 

104  This  is  a  thin,  flat,  quadrilateral  bone,  single  and  .' 
median,  set  up  vertically  in  the  nasal  fossaj,  and  forinmg 
the  posterior  part  of  their  septum.  It  is  frequently  bent 
so  as  to  be  convex  on  one  side  and  concave  on  the  other,* 
in  which  case  the  nasal  foss;i3  are  of  unequal  size.  It  8 
sometimes  perforated  by  a  hole  which  forms  a  commrmi- 
cation  between  these  cavities;  it  is  compared  to  a  plough- 
share, as  to  form  ;  and  it  presents  for  examination  two 
lateral  surfaces  and  four  borders. 

105  L-vTEEAi.  SuREACES.  These  are  smooth,  and 
marked  with  slight  vascular  fiirrows ;  each  presents^at 
its  lower  part  the  naso-jMme  groove,  which  luna 
obliquely  downward  and  forward,  to  the  upper  orificef 
oi  X  anterior  palatine  canal.  (79)  It  becomes  deeper 
as  S  ad  v'Lces  ;  Ind  it  lodges  a  nerve  of  the  same  naiue 

106.  Borders.  Upper,  ov  Splu-noidal.  The  t  iickest 
T)art  of  the  bone  ;  presents  two  lammaj  (culled  the  alffl 
of  the  vomer)  sepamted  by  a  deep  groove  The  groove  re- 
ceiv^ tie  ro.stram  of  the  sphenoid,  and  the  are  over- 
la  3ped  and  retained  by  two  little  ,n-ojectiug  lamino3  of  the 
Shenoid?  formerly  described.  Between  the  surfaces  of 
Xs  articulation  a  space  is  left  for  the  tvansniission  of 
small  nerves  and  vessels  to  the  substance  of  the  bone. 
Sor     The  longest  border.    Broad  and  uneven  an- 

the  union  or  uiu.  i  evervwhere  smooth  and 

and  it  separates  the  posterior  apertures  of  the  nasal 
.  Sometimes  so  nuicb  so  as  to  touch  tbo  inferior  turbinated  bone 
°V  T,:i^'e;,.na,,  it  will  ''O  -.^ere,|  bi^rcat^  ^^l^^^X^ 


,1. 


INFEEIOR  MAXILLAEY  BONE. 


75 


?sa}.  Anterior.  Channelled  in  its  up2ier  half  to  receive 
:  le  vertical  plate  of  the  ethmoid ;  sometimes  channelled, 

metimes  sins;le  below,  where  it  unites  with  one  of 
me  nasal  cartilages*  The  channel  of  this  edge  is  con- 
tinuous with  that  of  the  upper.  Of  these  four  edges 
the  upper  and  lower  are  horizontal ;  the  anterior  and 
posterior  slope  obUciuely  from  above  downward  and  for- 
ward. 

Iu7.  SxRCCTrRE.  Of  two  laminae  of  compact  tissue, 
separated  by  a  few  cellules  above,  and  coalescing  below. 
DEVELOPiiEXT.  By  a  single  point  of  ossificatioa;  which, 
however,  is  divisible  into  two  lateral  laminae.  Akticula- 
Tioss.  With  the  sphenoid,  ethmoid,  upper  maxillary,  and 
palate  bones  ;  also  (by  its  upper  border)  with  the  sphe- 
noidal turbinated  bones. 

OF  THE  IKFERIOR  MAXILLARY  BONE. 

108.  This,  the  largest  of  the  facial  bones,  single  and 
^gymmetrical,  consists  of  a  lower  curved  part  called  the 

hod'j ;  and  of  two  straight  portions  which  rise  nearly 
:at  right  angles  from  the  body  behind,  and  are  called  the 
■rami  or  hranches. 

109.  Body.   A  thick,  strong  plate  of  bone,  curved  upon 
'  itself  like  a  horseshoe,  and  presenting  for  examination, 
two  surfaces,   and  two   borders.    Surfaces.  Anterior. 
Convex  from  side  to  side,  concave  from  above  downward ; 

i  and  marked  in  the  middle  by  the  symphysis  of  the  chin,  a 
"  vertical  ridge  formed  by  the  union  of  the  two  pieces  of 
•  which  the  bione  consisted  in  childhood  ;t  this  terminates 
below  in  a  triangular  subcutaneous  eminence,  called  the 
■  mental  proceHH.  On  each  side  of  the  symphysis,  and  above 
the  mental  process,  there  is  a  shallow  depression  for  the 
attachment  of  a  muscle     and  external  to  this  appears  an 
OTal  hole  called  the  foro/raen  menti.   This  hole  lies  exactly 
beneath  the  second  bicuspid  tooth,  is  the  external  orifice 
of  the  inferior  dentor  co/aal,  and  gives  passage  to  vessels 
and  nerves.^    From  the  Vjase  of  the  mental  pjroccss  on 
each  aide  arises  a  ridge,  which,  running  at  first  horizon- 


*  Th(!  trian^ilar  cartilafjf. 
f  Tlieao  jiicoes  remain  H>  [AraU)  in  many  animals  ;  in  sorponts 
they  ar<;  nriit,<rd  \,y  a  movable  articulation  wljicli  allows  tlio  jaw  to 

rlat,<:rally,  an'l  enables  tbo  roptilo  to  Hwallow  a  pn^y  larger 
his  own  ii':a'l. 

t  Levator  menti.  }  lufcrior  maxillary. 
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tally  bacliwavd,  afterward  backward  and  npward,  is  con- 
tinued into  the  anterior  border  of  the  ramus._  This  is 
called  the  external  ohlique  line ;  it  gives  attachment  to 
several  muscles.*    Posterior.  Concave  from  side  to  side, 
convex  from  above  downward,  presenting  in  the  middle  a 
vertical /irn-oiy  corresponding  to  the  ridge  on  the  opposite 
side,  and  like  it  indicating  the  symphysis  of  the  chin. 
Beneath  this  are  seen  four  little  tubercles  placed  m  two 
pairs,  one  above  the  other,  and  called  the  r/enial  processes. 
They  vary  in  prominence,  are  frequently  indistinct,  and 
sometimes  appear  to  coalesce  into  one  irregular  tubercle 
(in  three  or  four  .skulls  I  have  here  a  sharp  spine  a  quarter 
of  an  inch  long) ;   they  serve  for  the  attachment  of 
muscles.t     (I  have  often  observed  here  two  little  holes 
for  the  transmission  of  nutrient  vessels,  one  above,  the 
other  below,  these  tubercles ;  the  upper  is  the  larger  and 
more  constant.)   On  each  side  of  the  genial  processes  is  a 
shallow,  smooth,  oval  cavity,  called  the  suhliinjual  fossa, 
which  lodges  a  salivary  gland  of  the  same  name.  Below 
this  fossa,  on  each  side,  is  a  rough  depression  for  the 
insertion  of  a  muscle.J    At  the  outer  extremities  of  these 
cavities  commence  the  internal  oUiqve  lines,  ridges  which 
are  more  prominent  than  the  corresponding  external  lines, 
and  which  run  backward  and  upward  along  the  body  to 
the  rami,  where,  making  an  angle,  they  ascend  nearly 
vertically  to  form  the  inner  lip  of  the  groove  which  marks 
the  anterior  border  of  the  ramus.     They  increase  in 
prominence  as  they  approach  the  ramus  ;  and  they  give 
attachment  to  two  muscles.§  Beneath  the  most  prominent 
part  of  the  internal  oblique  line  is  seen  an  oblong  shallow 
cavity,  called  the  suhmaxillary  fossa,   which  lodges  a 
salivary  gland  of  the  same  name.    Edges.  Inferior. 
Horizontal,  rounded,  thicker  before  than  behind;  and 
traversed  iust  where  it  joins  the  lower  border  of  tlie 
ramus  by  a  polished,  shallow,  vertical  depression,  over 
which  an  artery II  turns.  This  border  gives  attachment  to 
a  muscle.t    Upper  or  alveolar.    Narrow  in  front,  wide 

.  Dopressov  labii  iiifcrioris,  iind  depressor  aiiguli  .n-is,  above ; 

U;:;.r'i;°ir';:  tblT^iuio-glossi,  lower  pair  to  tbe  g.nio-byoidei. 
I  M^;S'«ideus  in  front,  superior  coustri.tor  of  tb,.  pbaryns 
II  Facial.  t  riatisma  myoides. 
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1  tnrned  a  little  inward  behind,  and  pitted  witli  sixteen 
voZ/  or  sockets  for  the  teeth.   Of  these  the  ten  anterior 
which  receive  the  incisor,  canine,  and  bicuspid  teeth)  are 
•::^de;  while  the  three  posterior  on  each  side  (for  the 
i  je  grinders)  are  each  subdivided  into  two  or  three 
..Lvities  which  receive  the  fangs  of  the  teeth.  These 
-  i';ket3  are  perforated  at  the  bottom  by  holes  for  the 
insmission  of  vessels  and  nei'ves  to  the  teeth ;  and,  like 
se  of  the  upper  jaw,  form  a  series  of  prominences 
;  arated  bv  depressions  on  the  outer  and  inner  surfaces 
the  alveolar  arch.    In  the  old  edentulous  jaw  the 
veoli.  rendered  useless  by  the  loss  of  the  teeth,  are 
-orbed,  the  height  of  the  body  is  diminished,  and  but 
.:le  of  it  appears  above  the  oblique  line.    In  the  infant, 
in  the  contrary,  when  the  teeth  are  still  contained  within 
:he  jaw,  the  alveolar  process  is  proportionably  deeper  than 
'  Ji  the  adult,  and  the  chief  part  of  the  body  lies  above  the 
I  ibhque  hue. 

i  110.  Rami.  Two  quadrilateral  flat  plates  of  bone 
:i  which  ascend  in  the  lateral  regions  of  the  face,  and 
«  oresent  for  examination  two  surfaces,  four  borders,  and 
i  :wo  processes,  separated  by  a  notch.  Suhfaces.  External, 
i  "neven  and  slightly  concave,  turned  a  httle  outward  at 
.t3  lower  part,  where  it  presents  the  rough  impressions 

ijf  a  strong  muscle,*  by  which,  in  the  recent  subject,  it  is 
sntirely  covered.  Internal.  Presents  in  the  centre  the 
pval  oblique  orifice  of  a  passage  in  the  bone,  called  the 
inferior  dentar  canal.  This  canal  descends  obliquely 
forward  in  the  substance  of  the  ramus,  enters  the  body, 
Tans  horizontally  forward  beneath  the  alveoli  (diminish- 
ing in  .size  as  it  proceeds)  till  it  reaches  the  incisor  teeth ; 
here  it  turns  back  to  terminate  at  the  mental  foramen^ 
giving  off,  however,  from  its  angle  two  little  canals,  a 
Bnpenor  and  an  inferior,  which  run  forward  beneath  the 
inci.Hor  teeth,  and  lose  themselves  in  the  cellular  tissue  of 
the  bone.  'Ilie  walls  of  this  canal  are  compact  near  its 
extremities,  cellular  in  the  middle  ;  it  is  perforated  with 
holes  lea^lm^  into  the  alveoli,  and  conveys  vessels  and 
nervest  to  the  teeth.  In  the  posterior  two  thirds  of  its 
course  it  is  neare.st  the  internal  siirface  of  the  jaw  ;  in 
the  anterior  third  to  the  outer  surface.  The  margin  of 
its  superior  orifice  is  prolonged  uj.ward,  internally,  into  a 


*  Maaseter. 


f  Iiifitrior  (l(;iitar. 
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spinous  process,  for  tlie  insertion  of  a  ligament  ;*  and  | 
presents,  vosleriorly,  a  notch  winch  gives  passage  to  a 
nerve  t    From  this"  notch  a  small  groove  runs  obhquely 
downward  and  forward,  to  terminate  at  the  posterior  ex- 
tremity  of  the  sublingual  fossa3.    It  is  caUed  the  inyh- 
Immid  Groove,  and  transmits  a  nerve  and  vessels  ot  tHe 
^  same  name.    Lastly,  this  surface  presents,  at  its  lower 
part,  some  i-ugosities  for  the  attachment  of  a  muscle  + 
BoRDEUS.  Antpvior.  Smooth,  concave,  and  nearly  veTticai, 
but  sloped  a  little  from  above  downward,  torward,  and 
inward.    It  presents  a  groove  which  is  continuous  with 
the  alveolar  border  of  the  body,  and  gives  origin  to  a 
muscle.S    The  two  hps  of  this  groove  are  formed  by  the 
Terminations  of  the  internal  and  external  obhqne  hnes 
Tosievm:  Thick,  smooth,  rounded,  nearly  parallel  to  the 
anterior,  and  forming  by  junction  with  the  inlenor,  the 
anale  of  fhc  jaw.    This  is  a  rounded,  blunt  angle,  de- 
flect d  'a     tie  outward,  rough  on  each  side  for  the  inser- 
tion  of  a  muBclcll  and  intermediately  fo>-.«^« -"^hment 
of  a  Ucrament.lf    Its  shape  varies  considerably  at  dif- 
ferent periods  of  life.    In  infancy,  before  the  jaws  are 
sepTra  ed  by  the  growth  of  the  teeth,  it  is  very  obtuse. 
Tu'  he  adult^henther 

order  to  leave  room  between  the  jaws  or  the  teeth)  it  iB 
nearly  a  rWU  angle.  In  the  aged,  when  the  teeth  are 
sh  d  and  the  jaws  fall  together  it  again  becomes  obtiise 
then  the  chin  is  thrown  forward,  the  hps  fall  ^J^-  f^ce 
shortens  and  the  countenance  assumes  tl  e  appeaiance 
p  cul^  to  old  age.  Ivfrrior.  This  border  is  short,  thick 
?ti"ight,  and  continuous  with  the  .lower  border  o  th^ 

^?£^^rra»^^^^^^^^ 

called  the  <-oro.n««  fvocess ;  a  posterior,  articular,  and 
Sedtmewhatinlard,  called  the  .0,  J       P>-o  ■ 

eminence  of  variable  ^hape  and  siz.e  ;  it  is  flat  mtcmaily 
•  hiteraal  lateral  of  jaw, 

t  Mylohynid  biwh  of  mfenor  ^^™t.u.^^_^^.^^^^^_ 

}^r;:l'ex;^^?y;i"U™U...ev^Soidintor.^^^^^ 
"  ^  Stylo-maxiUary. 
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1  externally,  presents  a  thin  mai'gin  before  and  beliind, 
-    by  its  summit  attaches  a  large  mnscle.*  Condyloid 
I  'KOCESS.  Is  shorter,  but  thicker  than  the  former,  and 
I  Dnsists  of  two  parts,  the  condyle,  and  the  -iicck.  The 
fcect  is  the  contracted  portion  which  suj^ports  the  con- 
'  vie  ;  it  is  flattened  from  before  backward,  smooth  and 
onvex  posteriorly,  hollowed  ia  front  by  a  concavity, 
^/d  the  pterygoid  fossa,  for   the   attachment  of  a 
-de:t   narrow  internally  and  externally,  in  which 
■■r  idirection  it  presents  a  tubercle  for  the  attachment 
ligament,  j    The  condyle  is  of  an  oblong  .shape,  with 
long  axis  transverse ;  it  is  convex  from  before  back- 
!\1,  and  from  side  to  side,  and  set  obliqnely  on  the 
k,  in  snch  a  manner  that  its  outer  extremity  rises 
ewhat  higher  than  the  inner,  and  is  also  turned  a 
more  forward.    Thus  the  long  axes  of  the  two  con- 
if  prolonged  inward,  would  form  an  angle,  with  the 
c  directed  downward  and  backward.  A  corresponding 
:  [uity  is  observed  in  the  glenoid  fossee  of  the  tem- 
il  bones,  and  it  facilitates  considerably  the  I'olling  of 
condyles,  in  the  transverse  motions  of  mastication, 
condyles  are  covered  with  cartilage,  which  extends 
'  rther  on  the  po.sterior  than  on  the  anterior  surface,  and 
mey  artictdate  by  the  intei-vention  of  an  articular  fibro- 
artdage,  or  meniscus,  with  the  anterior  part  of  the 
'lenoid  cavity  of  the   temporal  bone.   (59)  Sigmoid 
otch.  A  large  semilunar  depression  formed  between  the 
•recesses  jn.st  described,  and  closed  above  (in  the  united 
rknll)  by  the  zygomatic  arch.    The  space  thus  circum- 
cribed  gives  passage  to  ner^'es  and  vessels.  § 

111.  STRfCTURi:.  Of  reticular  tissue,  enclosed  in  a  com- 
fcact  layer,  and  traversed  by  the  dentar  canal.  Djivelop- 
lEST.  By  two  principal  centres  of  ossification,  which 
■fterward.s  unite  at  the  symphysis ;  in  addition  to  which 
•Te  two  points  for  the  two  coronoid  processes,  and  one 
or  a  separdto  plate,  which  forms  the  lower  edge  of  the 
one  in  the  fajlus.  Akticl'lations.  With  the  temporal 
and  the  teeth. 


*  T';rnfKjral. 

{  External  lateral. 


t  External  pterygoid. 
5  Massetric. 
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OF  THE  TEETD.* 

112.  Small,  extremely  hard,  calcareous  organs  (differ- 
in  o-  in  position,  organization,  and  mode  of  growth,  from 
the  bones),  implanted  in  the  alveoli  of  the  jaws,  and  pre- 
sentino-  in  general  the  form  of  an  irregular  cone,  whose 
apex,  single  or  divided,  corresponds  to  the  bottom  of  the 
sockets,  while  its  base  projects  into  the  cavity  of  the 
mouth.  There  are  distinguished  in  every  tooth,  a  part 
which  is  concealed  within  the  jaw,  called  the  root ;  a  part 
which  is  external  and  covered  with  hard  enamel,  called 
the  croivn;  and  a  line  of  junction  between  the  two,  which 
beino-  somewhat  contracted  is  called  the  'ilocIc.  The  teeth, 
of  which  in  the  adult  there  are  thirty -two,  sixteen  m  each 
jaw,  are  divided  into  three  clases ;  incmors  or  cuthng 
teeth  canine  or  tearing  teeth,  and  vwlar  or  grinding  teeth. 
In  each  class  the  crown  and  the  root  present  certain  cha- 
racteristic peculiarities  of  form  and  size.  _ 

113  Incisous.  The  four  front  teeth  m  each  jaw.  Uotai. 
Wedge-shaped,  straight  and  sharp  at  its  free  border 
slio-htly  convex  in  front,  and  concave  behmd:  its  enamel 
is  thinner  behind  and  laterally  than  in  front,  and  termi- 
nates at  the  neck  in  a  curved  margin,  the  concavity  oi 
which  is  turned  toward  the  cutting-edge  Boot,  bmgle, 
conical,  transversely  flattened,  thicker  befoi-e  than  behmd 
and  marked  on  each  side  with  a  slight  longitudmal 

^""ThJ' superior  incisors  are  larger  and  stronger  than  the 
inferior.  In  the  upper  jaw  the  two  middle  are  larger  than 
the  two  lateral  incisors.     In  the  lower  jaw  on  the  con- 
trary, the  two  lateral  are  larger  than  the  middle  pair. 
114.  Canine.    These,  four  in  number,  are  the  longest 

*  StricHv  spc-ikme  the  descnptiou  of  these  organs  does  not 
hplonTto  osteology     The  transcendental  anatomists,  who  regard 

the  P'-'-'sei-vea  specimens  ^^  h  cll  .11  inOL  aescriptivo  anatomy  in 
edition,  p.  400. 
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of  the  teeth  Thev  are  placed,  two  in  each  jaw  imme- 
diatelv  behind  the  "incisors,  which  they  separate  from  the 
orindintT  teeth.  Crown.  Somewhat  pyramidal,  concave, 
■  Ind  rather  uneven  behind,  convex  in  front,  a;nd  terminated 
at  the  summit  by  a  blunt  point.  Boot.  Like  that  of  the 
incisors,  but  very  long  and  thick.  ,    ,7  n  „ 

The  two  upper  canine  (vulgarly  called  eye-teeth)  are 
loncrer  and  larger  than  the  two  lower,  and  are  situated  a 
Uttle  behind  them.  In  some  subjects  they  extend  to  the 
base  of  the  nasal  process.  Cruveilhier  mentions  speci- 
mens in  which  he  has  seen  the  canine  developed  m  the 
snbstance  of  the  nasal  process,  and  m  an  inverted  posi- 
tion (the  root  being  turned  downward,  and  the  crown 

^^115'*^MoLAR   These,  the  largest  of  the  teeth,  are  twenty 
in  number,  ten  being  situated  in  the  upper,  and  ten  m  the 
lower  iaw!    In  the  upper  jaw  they  occupy  the  space 
between  the  canine  tooth  and  the  maxillary  tuberosity  ; 
in  the  lower  jaw  they  fill  up  the  interval  between  the 
canine  tooth  and  the  ramus.    They  are  counted  from 
before  backward,  the  first  pair  being  next  the  canme, 
while  the  last  are  contiguous  to  the  ramus,    ihe  rooi  ot 
the  molar  teeth  is  divided  into  fangs  ;  the  crown  is  wide, 
short,   flattened  at  the   summit,   and  provided  with 
tubercles,  by  which  it  is  adapted  to  grind  the  morsel  of 
•  food  that  has  been  cut  ofE  by  the  incisors,  or  torn  by  the 
canine  teeth.    They  difi^er  in  bulk,  and  in  the  number  of 
their  tubercles;  and  these  variations  have  led  to  their 
division  into  two  classes.   The  first  two  pairs  m  each  jaw 
are  smaller  than  the  rest,  and  have  only  two  tubercles  ; 
hence  they  are  called  small  molars,  or  limsindati,  the 
three  remaining  pairs  in  each  jaw  are  large,  and  present 
teveral  tubercles ;  hence  they  are  called  large  molar,  or 
mullicuxjAdati  teeth.     Bicuspidati.     Are  eight  m  all; 
four  beino'  situated  in  each  jaw,  two  on  the  right,  and 
two  on  the  left  side.    'Ihe  upper  correspond  to  the  canine 
fossa,  and  the  lower  are  i^laced  immediately  under  them 
Crw:n.     Irrecmlarly   cylindrical,  flattened   before  and 
behind,  where  "it  touches  the  adjacent  teeth,  convex  in- 
ternally and  extcmaUy,  and  terminated  at  the  summit  by 
two  blunt  points,  separated  by  a  deep  notch  liool. 
Single,  deeply  grooved  on  each  side,  perforated  at  the 
anmmit  by  two  holes,  and  separated  from  the  crown  by  a 
nearly  circular  neck.    It  is  Bometimes  bifid ;  OBpecially  in 
the  upper  jaw. 
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The  superior  bicuspid  teeth  are  distinguished  from  the 
inferior  by  their  greater  size.    Their  tubercles  also  are 
more  pointed,  and  separated  by  a  deeper  groove ;  their 
roots  are  more  frequently  bifid ;  indeed,  the  second  of  the 
superior  bicuspidati  is  known  by  its  root  being  generally 
bifurcated.   The  first  inferior  bicuspid  is  distinguished  by 
the  prominence  of  its  outer  tubercle,  which  give  it  some- 
what the  appearance  of  a  canine  tooth.  Multicuspidati, 
Of  these  there  are  three  pairs  in  each  ja\v.    They  are 
designated  numerically,  first,  second,  and  third ;  the  last 
pair^'being  also  called,  from  the  lateness  of  their  appear- 
ance, the  wisdom  teeth.    Croivn.   Large,  cuboid,  flat  before 
and  behind  where  it  corresponds  to  the  contiguous  teeth, 
convex  externally  and  internally.    The  grinding  surface 
generally  presents  four  tubercles  separated  by  two  grooves 
which  cross  each  other  in  the  middle.    There  are  some- 
times five  tubercles ;  and  the  surface,  in  other  instances, 
presents  an  irregular  wrinkled  appearance.    Itont.  Gene- 
rally  double  in  the  lower,  triple  in  the  npper  large 
grinders:   sometimes  divided  into  four  or  five  fangs. 
These  are  generally  divergent;  sometimes  parallel,  a,nd 
sometimes  curved  at  the  point  so  as  to  embrace  a  portion 
of  the  iavr.  When  there  are  two,  one  is  anterior,  the  other 
posterior ;  when  there  are  three,  one  is  internal,  two  are 
external.    The  large  grinders  are  distinguished  from  each 
other  by  their  size,  which  diminishes  from  the  first  to  the 
last    The  wisdom  tooth,  which  is  the  latest  to  appear,  . 
presents  considerable  variety  in  its  form  and  growth. 
Sometimes  its  fangs  coalesce  into  one  ;  sometimes  it  re- 
mains buried  within  the  jaw;  I  have  seen  it  growmg 
straight  forward  from  the  ramus. 

116  The  permanent  teeth  are  preceded  by  a  deciduous 
set  similar  in  their  general  characteristics,  but  smaller,  of 
a  more  delicate  texture,  less  firmly  rooted  m  the  jaws, 
and  fewer  in  number,  than  the  permanent.  Ihey 
amount  to  twenty  ouly ;  four  incisors,  four  molars,  and 
two  canine,  in  each  jaw.  The  deciduous  n.-.o,.  have  a 
serrated  appearance,  produced  by  little  tubercles  of 
Puamel  surmounting  their  cutting  margin:  the  camue  aie 
mo'"  ointed  and  prominent  in  the  deciduous  than  m  he 
iTermanent  set;  and  the  molar  have  sharper  tubercles, 
End  seldom  more  than  three  branches  to.  their  roots 
They  api-ear  about  the  sixth  month,  and  begin  to  be  shed 
aboiit  the  sixth  year;  the  permanent  rising,  pair  alter.  J 
pair,  to  supply  their  places. 
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OF  THE  HYOID  BONE. 

117.  This  is  a  bony  arch,  of  the  shape  of  a  horseshoe, 
formed  of  three  segments,  called  the  hochj,  and  the  cornua, 
or  qrtater  horns,  "and  presenting  at  its  upper  part  two 
Httie  appendages,  called  the  conticula,  or  lessee-  horns.  In 
V  iuth  these  live  pieces  articulate  by  cartilaginous  surfaces, 

I  are  held  together  by  ligaments.    Towards  middle  age 
tne  three  sesrments  of  the  arch  generally  coalesce ;  the 
.comicula  remain  movable  much  longer  ;  but  in  very  old 
-  subjects  the  five  pieces  are  commonly  u^uited  into  a  single 
bone. 

This  compound  bone,  which  derives  its  name  from  its 

■  resemblance  to  the  Greek  TJpsilon,  is  suspended  horizon- 

■  tally  in  the  neck  beneath  the  lower  jaw,  to  the  body  of 

■  which  it  is  parallel.  It  is  supported  in  its  position  entirely 

■  by  the  muscles  and  ligaments  to  which  it  gives  insertion  ; 

•  heins  the  only  instance  in  the  human  body  of  a  strictly 

•  sohtarv  bone.*  To  facilitate  its  study,  we  shall  describe, 
r  first,  the  body,  secondly,  the  greater  horns,  and  lastly,  the 
.  lesser  horns. 

118.  Body.  This  is  the  anterior  and  central  portion  of 
;  the  arch.    It  is  of  a  quadrilateral  shape,  presenting  for 

•  examination,  an  anterior,  a  posterior,  and  two  lateral 

•  gurfoc's,  and  an  upper  and  lower  marr/in.  Surfaces. 
.  Anterior.    Convex,  directed  foi-ward  and   iipwarcl,  and 

•  traversed  by  two  ridges  ;  one  horizontaJ,  dividing  it  into 
an  upper  and  a  lower  portion  ;  the  other  i;er/ ten Z,  crossing 
the  former  at  right  angles,  and  sulxlividing  each  portion 
into  two  lateral  halves,  each  of  which  presents  an  oval 
depression.  At  the  point  of  intersection  of  the  two  ridges 
there  is  a  prominent  iuherde.  The  portion  above  the 
horizontal  ridge  is  directed  more  npward  than  the  portion 
below,  and  i.s  sometimes  described  as  the  upper  harder  of 
the  body ;  in  such  descriptions  what  we  call  the  lower 
diivisv/n.  of  the  anterior  siirface,  constitutes  the  entire 


•  Th<>  transctndCTital  anatomists  considor  tliis  bono,  togothrr 
with  th»;  t<r<-th  and  thr:  cartilaK'J.'i  of  tfjn  larynx  and  tnichca,  to 
repTP«-nt  in  th<;  highor  mammalia  tlic  upl'i/uiiiKil  skidctoii  of  tlio 
inferior  ordf-rs,  just  aa  tho  ciiidi^miiH  and  itH  ui/pi'ndiitri'H  are 
vestisf'^ft  of  tlio  fItrrn/U  Hk'd<-ton.  Tli'-  ofTico  of  tlu'  fornn'r  .skeleton 
i.s  to  .sKpar-itf  th':  anirnal  from  fon.-iKn  obji'et.n  adinitled  into  its 
interior,  as  that  of  the  latt<:r  in  to  H'-parate  it  from  i-xternal  niitnro. 
Thftir  ronc'-ption.f  on  thi.i,  aH  on  mjiny  other  points,  appear  to  ma 

'be  philosophical  and  just. 

G  2 
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anterior  surface*  The  upper  division  gives  attachment 
to  three  pairs  of  muscles  ;t  the  lower  to  two  pairs  of 
muscles  ;J  and  to  an  aponeurosis.§  Posterior.  Concave, 
directed  backward  and  downward,  and  separated  in  the 
recent  state  by  a  membrane, ||  and  by  a  quantity  of  yeUow 
cellular  tissue,  from  the  fjnf/lotf.is  (or  lid  of  the  larynx). 
Superior.  Rounded  and  uneven  ;  attaches  part  of  two 
pairs  of  muscles,^[  and  of  a  membrane.**  Inferior. 
Longer  and  thinner  than  the  superior,  and  situated  in  a 
plane  somewhat  in  advance  of  it.  It  attaches  three  pairs 
of  muscles.ft  Lateral.  Short,  oval,  slightly  convex,  and 
either  covered  with  cartilage  for  articulation  with  the 
greater  liorns  ;  or  joined  to  them  by  an  osseous  union. 

119.  Greater  Horns,  or  CoRNCA.  Project  backward, 
and  a  little  outward,  from  the  body,  diminish  in  size  from 
before  backward,  and  terminate  behind  in  a  tubercular 
extremity.  Each  presents  two  surfaces,  two  borders,  and 
two  ends.  SunrACES.  Outer.  Looks  outward  and  up- 
ward, is  continuous  with  the  anterior  surface  of  the  body, 
and  gives  attachment  to  part  of  two  muscles. Inner. 
Looks  inward  and  downward,  and  is  covered  in  the  recent 
state  by  a  membrane. §§  Borders.  Superior.  Sharper 
and  shorter  than  the  inferior;  attaches  part  of  two 
muscles, §  §  and  of  a  membrane.  1 1 1 1  Inferior.   Situated  on  a 


*  This  is  wby  the  .attachments  of  the  muscles  to  the  hyoid  bone 
appear  to  be  so  variouslj'  stated  by  different  anatomists ;  some 
attributing  to  the  border  what  others  refer  to  the  siirr'nce. 

■j-  Genio-hyoidei  in  front,  and  part  of  geuio-hyo-glossi  and  lin- 
guales,  behind. 

X  Mylo-liyoid  internally,  stylo-hyoid  externally. 

§  Aponeurosis  of  the  digastric.  ||  Thyi-o-hyoid. 

^  Part  of  genio-hyo-glossi,  and  linguales  (which  are,  however, 
principally  attached  to  the  upper  division  of  the  anterior  surface — 
see  note  t). 

**  Thyro-hyoid.  (This  membrane  is  almost  universally  de- 
scribed as  being  attached  to  the  loiper  border  of  the  boui\  Cniveil- 
hier  and  Bourgery  are  the  only  anatomists  (as  far  as  I  Iniow)  who 
have  described  its  connexion  correctly.  The  fact,  however,  is 
quite  certain;  as  any  one  may  satisfy  himself  by  p.assing  up  the 
handle  of  a  scalpel  between  the  posterior  surface  of  the  lione^  and 
the  nvlcrior  surface  of  the  membrane). 

It  Steruo-hyoid  in  front,  thyro-hyoid  behind  ;  and  onio-hyoid 
externally,  just  at  the  junction  of  the  body  and  greater  horn. 

XX  Thyro-hyoid  below,  hyo-glossus  above. 

§5  Superior  constrictor  of  pharynx  and  hyo-glossus. 

Illl  Thyro-hyoid  mombrauo. 
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i.plane  external  to  tte  former ;  gives  attachment  to  part  of 
a  muscle.*  Ends.  Anterior.  Grows  to  the  body  in  the 
adult,  articulates  with  it  in  youth  by  a  concave  cartila- 
crinous  surface.  Poderior.  Is  smaller  than  the  anterior, 
and  presents  a  round  tubercle  for  the  attachment  of  a 
ligament.* 

^1-10.  Lesser  Egrxs,  or  Cornicula.  Two  little  pyramidal 
eminences,  varying  considerably  as  to  size  and  shape,  in 
Jifterent  individuals,  or  even  in  the  same  individual  on 
opposite  sides.  Each  is  articulated  by  its  base  to  the 
int  of  junction  between  the  body  and  gi-eater  horn  ;  and 

.'  its  guiiiinit,  which  is  du-ected  backward,  upward,  and 
outward,  gives  attachment  to  a  ligament.f 

121.  Structure.  Cellular  in  the  body,  compact  in  the 
horns.  Develophext.  By  an  ossiiic  point  for  each  of 
the  five  pieces  of  which  the  bone  consists.  Connexions. 
With  the  various  muscles  and  ligaments  mentioned  in  the 
notes.  The  ligaments  by  which  the  lesser  horns  are  con- 
nected to  the  styloid  process  are  sometimes  ossified.  This 

regularity  establishes  an  analogy  between  the  a^jpareil 
,'jidlen  of  man,  and  that  of  animals  :  in  which  the  hyoid 
lae  has  a  regular  osseous  connexion  with  the  styloid 
process  of  the  temporal. 

OF  THE  FACE  IN  GENERAL. 

122.  The  facial  bones  form  by  their  union  a  very 
.rregularly  shaped  six-sided  framework.  The  superior 
-urface  or  asi>ect  of  this  framework  articulates  with  the 

J  He  of  the  cranium  ;  the  inferior  forms  the  roof  of  the 
.  ..uth;  the  anterior  and  two  lateral  surfaces  constitute, 
hen  covered  with  the  flesh,  the  countenance,  or  /ace,  in 
Xae  ordinary  acceptation  of  the  term ;  the  posterior 
articulates,  near  the  middle,  with  the  pterygoid  processes 
of  the  sphenoid,  and  presents  on  each  side  the  posterior 
border  of  the  ramus  of  the  lower  jaw.  In  regarding  the 
face  from  aVxjve  or  below,  we  observe  that  its  transverse 
diameter  i.s  greater  behind  than  before  :  when  we  view  it 
in  profile,  we  Hdc.  that  its  vertical  diameter  is  greater 
before  than  fxjfiind  ;  and  when  we  examine  it  from  behind, 
we  observe  that  its  height  in  the  median  line  (measured 


•  TfijTO-hyoid. 


I  Stylo-liyoid. 
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from  the  upper  border  of  the  vomer  above,  to  the  palatine 
arch  below)  is  considerably  less  than  its  height  on  each 
side  (measured  from  the  condyle  to  the  angle  of  the  lower 
jaw).  These  aspects  of  the  face  are  so  irregular  that  it  is 
difficult  accurately  to  define  their  boundai-ies.  The 
superior  aspect  being  articulated  to  the  cranium  seldom 
comes  under  our  notice  ;  the  others  will  be  successively 
described.  Tiie  sutures,  which  are  of  less  practical  im- 
portance here  than  in  the  cranium,  will  be  described  with 
the  regions  La  which  they  occur. 

123.  ANTiiiiioii  E.EGiON.  Extends  vertically  from  the 
root  of  the  nose  to  the  point  of  the  chin,  and  is  bounded 
on  each  side  by  the  prominence  of  the  cheek-bone,  and  by 
the  anterior  edge  of  the  ramus  of  the  lower  jaw.  Its 
greatest  transverse  diameter  is  at  the  level  of  the  cheek- 
bones. Its  greatest  vertical  diameter  is  in  the  median 
line.  It  presents  from  above  downward — 1st,  the  nose; 
a  vaulted  eminence,  convex  from  side  to  side,  more  or  less 
concave  in  the  opposite  direction,  formed  by  the  nasal 
bones,  and  by  the  nasal  processes  of  the  superior  maxil- 
lary bones.  In  the  middle  of  this  eminence  is  the  inter- 
nasal  suture,  formed  by  the  junction  of  the  nasal  bones ; 
and  external  to  that  on  each  side  the  smooth  external 
surface  of  the  nasal  bone,  perforated  by  some  vascular 
apertures,  covered  in  the  recent  subject  by  a  muscle,*  and 
limited  by  the  naso-inaxiUary  sn.ture, — which  is  formed 
between  the  nasal  bone  and  the  nasal  process,  of  the 
superior  maxillary.  '2ndly.  Below  the  arch  of  the  nose 
ap2:)ears  the  anterior  orifice  of  the  nasal  fossae,  resembling 
in  shape  the  heart  upon  playing  cards,  with  the  liroader 
end  downward.  Its  margin  (which  is  connected  with  the 
lateral  cartilages  of  the  nose)  is  sharp  and  thin,  formed 
by  the  nasal  bones  above,  where  it  presents  in  the  middle 
an  angular  projection  flanked  by  two  deep  notches,  formed 
by  the  upper  ma.xillary  bones  below,  where  it  presents  the 
anterior  nasal  spine.  Below  this  appear  in  succession 
the  inter-maxillary  suture ;  the  incisor  teeth  ;  the  vertical 
ridge,  called  the  sijmphysis  of  the  chin.;  and  the 
j)rocess. 

On  each  side,  and  again  proceeding  from  above  down- 
ward, this  region  presents — 1st,  the  circumference ^  of  the 
orbit ;  inferior  and  external  to  which  ia  the  quacbilateral 


♦  rjTamidalis  uasi. 
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anterior  surface  of  the  malar  bone,  perforated  near  the 
centre  by  one  or  two  malar  canaU*  Inferior  to  the  orbit, 
and  iuterual  to  the  malar  bone,  appears  the  camne  fossa, 
perforated  by  the  infnwrhitar  foramen,-f  and  marked  by 
two  muscular  impressions,+  one  above,  the  other  below 
that  orihce.  Inferior  and  internal  to  the  camne  fossa,  and 
separated  from  it  by  the  canine  eminence,  is  seen  the 
mvrtifnrni  fossa,  which  attaches  a  mnscle.§  Below  the 
canine  and  mvrtiform  fossjB  appear  the  alveolar  and  clentar 
arches;  which  latter  vary  in  form,  but  when  regular  are 
paraboKc.  The  teeth  in  man  are  set  almost  vertically  m 
the  jaws,  and  form  an  uninterrupted  series;  m  the  lower 
animals '  they  are  always  more  or  less  inclined,  and 
separated  in  certain  places  by  intervals.  The  free  edge 
of  the  superior  dental  arch  descends  slightly  from  the 
first  inci.-or  to  the  last  molar,  forming  a  curve  convex 
downward ;  the  inferior  dentar  arch  presents  on  each  side 
a  corresponding  concavity.  Below  the  dental  arches  on 
each  side  are  observed,  tne  mental  foramen,\\  the  external 
oblique  line*'  and  the  inferior  border  of  the  body  of  the 
lower  jaw,  interrupted  at  its  junction  with  the  ramus,  by 
a  shallow  arterial  groove.** 

12-1.  Posterior  Eegiox.  This  region  is  bounded  on 
each  side  by  the  posterior  edge  of  the  ramus  of  the  lower 
jaw;  in  the  median  line  it  extends  vertically  from  the 
upper  border  of  the  vomer  to  the  posterior  border  of  the 
hard  palate  ;  on  each  side  it  extends  vertically,  from  the 
condyle  to  the  angle  of  the  lower  jaw.  It  presents,  m 
the  median  line,  the  posterior  ed[/e  of  the  vomer,  and  the 
posterior  nasal  spine  ;tt  external  to  these  appear  the  oval 
orifirjes  of  the  nasal  fossae  ■,tX  below  these  again  are  the 
posterior  edges  of  the  liorizontal  plates  of  the  palate 

•  For  the  transmission  of  small  filaments  from  the  malar  branch 
of  th<:  ophtlialmic  ;  al.so  of  little  arteries. 

t  YoT  the  transmission  of  a  nerve  and  vessels  of  the  same  name. 

:  The  tipper  gives  origin  to  the  levator  l.;ibii  superioris ;  tho 
lower  to  the  levator  labii  superioris  alajquo  nasi. 

§  IJepreMHor  labii  superioris  ala;que  nasi. 

I  Transmits  the  inferior  maxillary  vessels  and  nerve. 

"f  AttAehes  the  depressor  labii  inferioris  and  depressor  anguli 
oris  aV/ve  :  the  platisma  myoides  below. 

•*  for  the  faeial  artery. 
'  tt  Allaches  the  azygos  nvuljc. 

It  AttAch  at  the  ext'.Tnal  and  in  ferior  part  of  tlioir  circumforonce 
the  superior  constrictors  of  the  pharyux. 
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bones,*  and  tlie  tuberosities  of  the  palate  bonesf  (the 
latter  apjjearing,  one  on  each  side,  between  the  plates  of 
the  i^terygoid  process).  Beyond  these  on  each  side  is  an 
empty  space,  filled  in  the  recent  subject  by  muscles,];  and 
bounded  externally  by  the  posterior  border  of  the  ramus 
of  the  lower  jaw,  which  expands  above  into  the  co?uZ_i/ie, 
and  bends  a  little  outward  lielow,  where  it  joins  the  lower 
border  to  form  the  angle  of  the  jaw. 

125.  iNrERiOR  Region.  This  region  forms  the  cavity 
of  the  mouth,  and  is  sometimes  classed  with  the  nasal 
and  orbitar  cavities,  under  the  name  of  the  oral  fossa. 
It  is  divided  into  a  superior  horizontal  portion,  called 
the  palatine  vault;  and  an  inferior  vertical  portion, 
formed  by  the  inner  surface  of  the  teeth,  and  of  the 
lower  jaw.  Palatine  Vault.  Presents,  in  the  median 
line,  from  behind  forward  ;  1st,  the  lower  surface  of  the 
posterior  nasal  spine ;  2ndly,  the  siiture  of  the  palate  and 
maxillary  bones,  elevated  into  a  ridge,  sometimes  called 
the  palatine  crest,  and  presenting  in  front  the  lower  orifice 
of  the  anterior  palatine  canal.^  On  each  side  of  this 
longitudinal  suture  is  seen,  from  behind  forward,  1st,  the 
lower  surface  of  the  tuberosity  of  the  palate  bone,  per- 
forated by  two  or  three  accessory  posterior  palatine 
canals  ;\\  2ndly,  the  lower  surface  of  the  palatine  plate 
of  the  palate-bone,  presenting  posteriorly  a  httle  trans- 
verse ridge  for  the  attachment  of  a  muscle,  externally 
the  lower  orifice  of  the  posterior  palatine  canal;  and, 
leading  forward  and  inward  from  this  hole  a  groove, 
which  lodges  the  nerves  and  vessels  that  pass  through  the 
canaL  3rdly,  the  transverse  palato-ma.villarg  suture.^ 
4thly,  the  concave,  uneven  surface  of  the  palatine  plate 
of  the  upper  maxillary,  which  is  traversed  by  the  con- 
tinuation of  the  groove  above  mentioned,  and  perforated 
by  many  nutrient  foramina.     Some  of  these,  situated 


*  Attaches  the  velum  penduhim  palati. 

t  That  part  of  the  tuberosity,  which  appears  in  the  pterygoid  fossa, 
attaclies  a  few  fibres  of  the  iuterual  pterygoid  muscle. 

I  Internal  and  external  pterygoid. 

5  Lodges  the  naso-palatine  ganglion. 

II  Transmit  small  palatine  arteries  and  nerves. 

H  This  suture,  whicli  is  formed  betwe(>n  the  p:iIatino  plates  of 
the  palate  and  upper  maxillary  bones,  is  called  traiisrcrsv,  to  dis- 
tinguish it  from  the  vertical  palato-nuixillary  suture  ;  which  is 
formed  between  the  nasal  plate  of  the  palate  bone  and  the  inner 
Burfaoo  of  the  upper  maxillary. 


OEBITAE  FOSSiE.  89 

,near  the  alveolar  margin,  for  the  transmission  of  nei-ves 
and  vessels  to  the  incisor  teeth,  constantly  seen  m  young 
sTxbiects,  and  sometimes  pervious  even  m  the  acluit,  are 
Lued  the  nu-iVu-e  fommina.  Vertical  Portion  l  ormed 
■entirelv  by  the  imier  surfaces  of  the  dental  and  alveolar 
larches'  and  of  the  lower  jaw-bone,  which  have  abeady 
■been  suliiciently  described.  -d      i  ;i 

106   Lateral  or  Zygomatic  Eegions.    Bounded  m 
^ut  by  the  ridge  that  descends  from  the  malar  process 
of  the  upper  maxillaiy;  behind,  by  the  posteiior  border 
*  of  the  ramus  of  the  jaw  ;  above,  by  the  zygomatic  arch; 
below,  bv  the  inferior  border  of  the  ramus  ot  the  lower 
iaw     This  region  presents  two  planes;   an  exteniaL, 
formed  by  the   ramus  of  the  lower  maxillary  bone 
fcalreadv  described;  (110)  an  intei-nal,  formed  chiefly  by 
^thezv't'omatic  surface  of  the  upper  maxillary  bone  and 
■contributing  to   the  zygomatic,  and  spheno-maxiliary 
:  fossa  ;  which  will  be  described  in  the  next  section. 

OF  CERTAXN  PARTS  FORMED  BY  THE  UNION  OF  THE 
CRA^JIUil  AJ^D  FACE. 

197  Besides  the  parts  already  described  as  proper  to 
the  cranium,  or  to  the  face,  there  are  several  iossaj  and 
sutures,  referrible  to  neither  of  these  divisions  ot  the  skuii 
in  particular,  but  resulting  from  the  union  ot  both,  ihese 
we  proceed  in  this  section  to  describe. 

128.  Ckanio-facial  Foss^.  Of  these  there  are  tve 
pairs ;  the  orbitar,  the  nasal,  the  zygomatic,  the  sjpheiio- 
maxillanj,  and  the  temporal. 

OF  THE  ORBITAR  FOSS/^. 

12f^  These  are  two  pyramidal  cavities,  situated  m 
the  upper  and  anterior  part  of  the  skull,  and  havmg 
their  ba.se  directed  forward  and  outward,  and  their 
apf;x  backward  and  inward.*  They  present  for  exami- 
nation four  v;oMh,  four  retiring  awjlaH,  formed  by  the 
junction  of  the  walls,  a  circv/m/nnnce  or  hase,  and  an 

Walls.    U/^pc-r,  or  Vault..     Directed  downward 

•  TWs  rlivtrf?r;nw  of  thf!  axi.B  of  ih<,  orbits  roHiiltn  ominOy  from 
the  oWiqnf,  fK-sition  of  th<;ir  onU;r  whIIb  ;  tli<-  iiiiKjr  walU  boiug 
parallftl  to  each  other,  and  to  ttio  mu'Jian  i>lan«. 
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and  a  little  forward  ;*  formed  chiefly  by  tbe  concave 
orbitar  plate  of  the  frontal  bone,  behind,  for  a  small  ex- 
teni;,  by  the  lesser  wing  of  the  sphenoid.  It  presents 
behind  forward,  first,  the  transverse  suture  formed  by 
the  junction  of  the  lesser  wing  of  the  sphenoid  with  the 
orbitar  plate  of  the  frontal.  Secondly,  quite  in  front 
and  just  behind  the  external  angular  process,  the  lachry- 
mal fossa,  which  lodges  a  gland  of  the  same  name;  and 
thirdly,  behind  the  internal  angular  process,  a  little 
tubercle,  or  depression,  for  the  insertion  of  a  tendinous 
pulley.f 

Lower  or  Floor.  Nearly  flat,  much  less  extensive  than 
the  vault,  directed  upward,  outward,  and  forward. 
Formed  chiefly  by  the  orbitar  plate  of  the  upper  maxil- 
lary ;  assisted,  in  front,  by  the  orbitar  process  of  the 
malar  bone,  and  behind  by  the  orbitar  process  of  the 
palate  bone.  It  presents  the  two  sutures  formed  by  the 
junction  of  these  three  portions  ;  and  near  its  middle, 
the  iiifra-orhitar  groove,^  which  runs  from  behiud,  forward 
and  downward,  presently  changing  into  the  infra-orhitar 
canal.  This  surface  at  its  anterior  and  internal  part  gives 
attachment  to  a  muscle.  § 

Older.  Nearly  flat,  directed  inward,  forward,  and  a 
little  upward.  Formed  by  the  orbitar  plate  of  the  sphe- 
noid behind,  by  the  uj^per  part  of  the  orbitar  process  of 
tlie  malar  bone  in  front.  Presents  the  vertical  denticu- 
lated suture  of  these  two  portions,  and  in  fi-ont  of  the 
suture  the  inner  orifices  of  the  malar  canals. \\  It  also 
j)resents  one  or  two  external  orbitar  foramina. 

Inner.  This  surface  is  the  smallest  of  the  four.  It  is 
directed  outward,  forward,  and  a  little  ujjward.  It  is 
formed  chiefly  by  the  orbitar  plate  of  the  ethmoid; 
assisted  by  the  lachrymal  in  front,  and  by  a  small  portion 
of  the  sphenoid  behind  (viz.,  that  jjortion  of  the  side  of 
the  body  of  the  sphenoid  which  appears  in  front  of  the 


*  The  student  is  reminded  that  the  direction  or  aspect  of  a  surface 
is  indicated  by  a  line  di'awn  perpendicular  to  its  centre.  See 
Introduction.  (7) 

t  Through  ^vhich  the  tendon  of  the  superior  oblique  niusclo 
turns. 

X  Transmits  the  infra-orbitar  nerve  and  vessels. 
§  Obliquus  inferior  oculi. 

II  Transmit  small  nerves  and  vessels ;  one  of  tbem  gives  pas- 
sage to  a  branch  of"  the  malar  nerve  sent  forward  from  the  orbit  to 
anastomose  with  the  facial  nerve. 
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sphenoiikl  fissure).  It  presents  the  two  vertical  sutures 
formed  by  the  junction  of  these  bones;  the  vertical  crest 
of  the  lachrymal  bone,  and  in  front  of  that  the  luc]irymal 
groove ;  which,  however,  being  completed  in  front  by  the 
nasal  process  of  the  upper  maxillary,  is  usually  referred 
to  the  i-i/-f!!//i/-t')-eHc-e  of  the  orbit. 

181.  A-NGiis.    Snperior  and  external.    This  angle  is 
formed  by  the  meeting  of  the  upper  and  outer  walls  ;  and 
presents,   from  behind   forward;    1st,   the  sphenoidal 
nssare,OT  foramen  lacerum  anterius  ;*  2ndly,  the  junc- 
tion of  the  orbitar  plate  of  the  sphenoid  with  the  orbitar 
plate  of  the  fi-ontal  bone  (being  part  of  the  sphenoidal 
suture);  and  Srdly,  the  articulation  of  the  malar  bone 
with  the  frontal,  just  behind  the  external  angular  process. 
Sujitrior  and  internal.    This  angle  is  formed  by  the 
meeting  of  the  upper  and  inner  walls,  and  presents  the 
ethmoidal  suture,  perforated  by  the  anterioi-f  and  pos- 
teriori internal  orbitar  holes;  and  in  front  of  that  the 
Httle  suture  between  the  fi-ontal  and  lachrymal  bones. 
Inferior  and  internal.    This  is  formed  by  the  meeting  of 
the  inner  wall  and  the  floor,  and  it  presents  the  sutures 
between  the  palate  bone  and  ethmoid,  upper  maxillary 
and  ethmoid,  upper  maxillary  and  lachrymal.  Inferior 
and  external.    This  angle,  formed  by  the  junction  of  the 
outer  waU  and  floor,  presents  posteriorly  the  spheno- 
maxillarv'.  or  infra-orbitar  fissure;  a  cleft,  bounded  ex- 
ternally by  the  orbitar  plate  of  the  sphenoid,  internally 
by  the  orbitar  plates  of  the  upper  maxillary  and  palate 
bones;   and  generally  (but  not  always  («5)  completed 
in  front  by  the  orbitar  plate  of  the  malar.  _  This  fis- 
sure is  wider  at  its  extremities  than  in  the  middle,  and 
gives  passage  to  nerves§  and  vessels. ||    (The  relative 
pcsitioa  of  the  two  fissures  of  the  orbit  may  easily  be 
remembered  by  bearing  in  mind,  that  the  outer  wall  at 
its  po-sterior  part  is  bounded  by  a  fissure  above  and  below.) 


•  Transmits  the  .3rd,  4th.  and  6th  nerves,  the  ophthalmic  branch 
of  the  .'jth,  and  a  small  vein. 

t  Tran.smit.s  the  internal  nasal  twig  of  the  ophthalmic  norve. 

t  Transiaits  a  small  vessel. 
'     §  The  a.v;eridinK  branches  of  the  Bphcno-palatine  ganglion,  and 
the  post/:rior  dental  branches  (three  or  four  in  numbei-)  of  the  nifra- 
orbitar  nerve  (the  infra-<jrbitar  nerve  itself  runs  across  it,  but  does 
not  pass  throiifch  it). 

II  The  infra-?;rbitar  branch  of  the  internal  maxillary  artery,  with 
ha  accompanying  vein. 
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132.  Circumference  or  Base.  Of  a  quadrilateral 
figure,  with  curved  sides  and  rounded  angles ;  somewhat 
larger  externally  than  internally ;  formed  above  by  the 
supra-orbitar  arch;  on  the  oidside  by  the  external  angu- 
lar process  of  the  frontal,  and  part  of  the  orlitar  border 
of  the  malar ;  tnth  in,  by  the  internal  angular  process  of 
the  frontal,  and  the  nasal  process  of  the  upper  maxillary  ; 
heloiu,  by  the  anterior  border  of  the  orbitar  plate  of  the 
malar,  and  the  corresponding  border  of  the  orbitar  plate 
of  the  upper  maxillary.  The  circumference  thus  formed 
is  interrupted  above  by  the  su])ra-orbitar  notch*  (or 
holef),  and  is  traversed  by  three  sutures  ;  the  fronto- 
malar  externally  ;  the  Jronto-maxillary  internally,  the 
nialo-maxillary  below.  The  inner  border  contributes  to 
the  lachrymal  groove,  which  is  traversed  vertically  by 
the  suture  between  the  lachrymal  bone  and  the  nasal 
process  of  the  upper  maxillary,  perforated  with  nume- 
rous little  foramina  leading  into  the  nose,  and  continuous 
below  with  the  naso-lachrymal  canal,  which  opens  in 
the  inferior  meatus  of  the  nose.  The  groove  lodges  a 
small  sac;j;  whose  duct  is  transmitted  by  the  canal. 

133.  Apex.  Is  represented  by  the  optic  foramen;  a 
short  round  canal,  situated  quite  at  the  back  of  the  orbit, 
between  the  two  roots  of  the  lesser  wing  of  the  siAenoid. 
The  direction  of  the  two  optic  foramina  is  such  that 
their  axes,  if  jirolonged  backward,  would  intersect  each 
other  in  the  sella  turcica.  The  slip  of  bone  which 
separates  the  optic  foramen  from  the  sphenoidal  fissure 
presents  a  little  titbercle  for  the  attachment  of  a  ten- 
don.§ 

The  bones  that  enter  into  the  comjDOsition  of  the  orbit 
are,  the  frontal,  sj^henoid,  ethmoid,  upjoer  maxillarj', 
malar,  lachrymal,  and  palate  bones. 

OF  THE  NASAL  FOSS^. 

134.  These  are  two  oblong  cavities,  separated  from  each 
other  by  a  thin  vertical  sej)tum ;  situated  between  the 


♦  For  tlie  triinsmission  of  the  frontal  uorve  aud  vessels. 

t  Of  tbirty-eigUt  male  skulls,  iu  Alexandre's  ciillectiiui,  twenty- 
two  bad  su[ii-acUiary  notches,  eigbt  supraciliary  lioks,  eigbt  a  bole 
on  one  side,  and  a  notcb  ou  tbe  other. 

t  Lacbrymal. 

§  A  tendon  eommou  to  the  internal,  external,  and  inferior  recti 
muscles  of  the  eye. 
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base  of  the  cranium  and  tlie  roof  of  the  mouth  ;  flanked 
on  each  side  by  the  cavities  of  the  orbit  and  the  antrum ; 
and  open  before  and  behind.    They  open  on  each  side 
into  the  antrum  and  the  ethmoidal  cells ;  behmd,  mto 
the  sinuses  of  the  sphenoid  bone ;  before,  into  those  of 
the  frontal.    They  commtinicate,  by  the  naso-lachrymal 
canal,  with  the  cavity  of  the  orbit ;  by  the  anterior  pala- 
tine canal,  with  that  of  the  mouth ;  by  the  olfactory 
foramina,  with  that  of  the  cranium  ;  and  sometimes,  by 
a  hole  in  the  septum,  with  one  another.    Their  shape  is 
irregular ;  the  roof  or  vault  being  long,  narrow,  and  con- 
cave from  before  backward;  while  the  floor  is  shorter, 
wider,  and  concave  from  side  to  side.    The  outer  wall  is 
oneven.  and  presents  several  appendages  ;  and  even  the 
inner  wall  or  septum,  though  vertical  when  regular,  is 
often  deflected  considerably  to  one  side,  so  as  to  render 
the  two  fossaj  very  dissimilar  in  size  and  shape.   The  an- 
terior and  posterior  orifices  of  these  fossaa  having  been 
already  described  (123,  124),  the  four  walls  only  remain 
for  examination, 

135.  Walls.    Upper  or  vault.    Formed  in  the  oniddle 
by  the  cribriform  plate  of  the  ethmoid  bone,  which  is 
horizontal;  in  front,  by  the  nasal  bones,  which  slope 
downward  and  forward ;  heJiind,  by  the  under  surface  of 
the  body  of  the  sphenoid,  which  slopes  downward  and 
backward.    Thus  the  vault  has  three  aspects ;  it  looks 
directly  downward  in  the  middle,  downward  and  hack- 
ward  in  front,  downward  and  forward  behind.  The 
middle  or  ethmoidal  portion  is  very  narrow  and  cribri- 
form ;  it  is  bounded  in  front  by  the  suture  between  the 
ethmoid  and  frontal ;  behind,  by  the  suture  between  the 
ethmoid  and  sphenoid ;  internally,  by  the  vertical  plate; 
exterrMlly,  by  the  lateral  mass  of  the  ethmoid ;  it  pre- 
sents nothing  of  note  but  the  olfactory  foramina.  The 
antern.or  portion  is  wider,  and  bounded  externally  by  the 
suture  between  the  nasal  bone  and  the  nasal  process  of 
the  upper  maxillary  ;  internally,  by  the  nasal  crest  of  the 
na.sal  lyme,  and  the  nasal  spine  of  the  frontal.    It  pre- 
sents a  longitudinal  furrow  for  a  nerve,*  and  several 
small  vascular  apertures  ;  it  is  surmounted  by  the  trans- 
vftTHe  suture  bf;tween  the  nasal  and  frontal  bones.  The 
jioiierior  [Xjrtion  is  the  widest  of  the  three  ;  it  is  formed 


•  Internal  nasal. 
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in  front,  Ijy  the  spbenoklal  turbinated  bone;  heUnd,  by- 
the  nnder  surface  of  the  body  of  the  sphenoid,  and  of  • 
the  wing  of  the  vomer ;  it  is  concave  from  side  to  side,  , 
but  somewhat  convex  from  behind  forward  ;  it  presents  -i 
the  rounded  narrow  orifice  of  the  sphenoidal  sinuses,  the  ■: 
suture  between  the  vomer  and  sphenoid,  and  the  sphe-  n 
noidal  turbinated  bones.    Lower  or  floor.    Formed  in  j 
front  by  the  palatine  plate  of  the' upper  maxillary;  ! 
behind,  by  that  of  the  palate  bone ;  level  from  before 
bachward,_  concave  from  side  to  side,  wider  behind  than  i 
before,  widest  of  all  in  the  middle  ;  loncrer  internally  j 
tha,n  externally,  on  account  of  the  prominence  of  the  an-  ■ 
terior  and  posterior  nasal  spines.    It  presents  ivternally 
the  crest  which  articulates  with  the  vomer;  in  front,  one 
of  the  two  upper  orifices  of  the  anterior  imlatine  canal;  :| 
and  hehind,  the  bevelled  transverse  guture  between  the 
maxillary  and  palate  bones.    Inner  or  septum.    Formed  I 
by  the  vomer  beliind ;  by  the  perpendicular  plate  of  the  ' 
ethmoid*  in  the  middle;  by  the  nasal  spine  and  crest  of) 
the  nasal  bones  in  front ;  by  the  crest  of  the  upper  ■ 
maxillary  and  palate  bones  lelow  ;  it  is  traversed  by  the  ■ 
sutures  between  these  several  bones  and  marked  with  ; 
numerous  vascular  and  nervoits  furrows  :  it  presents  in  , 
front  a  triangirlar  deficiency  filled  by  one  of  the  carti-  • 
lagesf  of  the  nose  ;  and  at  its  ujiper  part,  the  oblique  lower  ■  | 
orifices  of  several  olfactory  canals.X    Outer.    This  wall  is  ; 
formed  in  front  by  the  nasal  process  of  the  upper  maxil- 
lary, and  by  the  lachrymal  bone  ;  beliiiid,  by  the  vertical  .| 
plate  of  the  palate  bone;  interined,ialc]y  by  the  inner  j 
surface  of  the  upper  maxillary,  and  by  the  inner  surface  \ 
of  the  lateral  mass  of  the  ethmoid.    It  is  divided  by  i 
three  horizontal  plates  of  bone  which  hang  from  it,  into  1 
three  channels,  called  the  inferior,  middle,  and  superior  \ 
meatns  of  the  nose.     Inferior  mcaius.    A  horizontal  i' 
channel,  broader  in  front  than  behind,  oj^en  at  each  end 
and  below ;   formed   externally  by  the  maxillary  and 


*  The  pei-peudicular  plato  of  the  ethmoid  v.Trios  iu  size  very 
much.  I  have  seeu  a  slaiU  in  wliicli  it  extended  forward  a  quarter 
of  an  inch  beyond  the  nasal  bones,  artieiilated  behind  with  the 
•whole  lengfth  of  the  vomer,  and  entered  below  into  the  groove 
formed  between  the  upper  maxillary  bones. 

t  The  triangular  cartilage. 

J  Which  open  above  iu  the  cribriform  plate,  and  transmit  fila- 
ments of  the  olfactoi-y  nerves. 
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palate  bones  ;  internally  and  above,  by  the  inferior  tur- 
binatetl  bone.  It  presents  in  front  the  lower  orifice  of 
the  na-io-lachnjiiial  canal*  This  canal  is  formed  chiefly 
bv  the  upper  maxillary  bone,  but  is  completed  internally 
by  the  lachrymal  boue,  and  by  the  lachrymal  process  of 
the  inferior  turbinated  bone.  It  is  nearly  round,  but 
shghtly  compressed  from  side  to  side ;  it  is  narrower  in 
the  midiUe  than  at  its  extremities ;  and  it  curves  outwards 
a  Httle  as  it  ascends  to  join  the  lachrymal  groove.f 
Middle  iiieatus.  A  horizontal  channel,  broader  in  front 
than  behind,  and  open  at  each  end  and  below :  formed 
above  and  internally,  by  the  middle  turbinated  bone  (a 
curved  spongy  plate  of  the  ethmoid,  that  has  been  already 
described) ;  bounded  below  by  the  inferior  tiirbinated 
bone  ;  and  presenting  externally,  from  before  backward, 
the  following  objects  : — 1st,  part  of  the  inner  surface  of 
the  nasal  process  of  the  upper  maxillary;  2udly,  part 
of  the  inner  surface  of  the  anterior  division  of  the  lachry- 
mal bone,  the  little  holes  by  which  it  is  perforated,  and 
the  sutures  which  it  forms  with  the  upper  maxillary  in 
front,  and  with  the  ethmoid  between ;  3rdly,  behind  the 
lachrymal,  part  of  the  inner  wall  of  the  ethmoid  cells 
above,  part  of  the  inner  wall  of  the  maxillary  sinus  heloiu, 
and  intermediately  the  horizontal  ethmoido-maxillary 
suture  ;  4tbly,  behind  the  maxillary  bone,  part  of  the  in- 
ner surface  of  the  nasal  plate  of  the  jDalate  bone.  This 
meatus  presents  two  apertures;  1st,  near  its  anterior  ex- 
tremity the  lower  orifice  of  the  long  funnel-shaped  eth- 
moid cell,  called  the  infwndibiilum,  by  which  it  communi- 
cates with  the  other  anterior  ethmoid  cells,  and  through 
them  with  the  frontal  sinuses ;  2ndly,  at  the  middle  of 
ita  outer  wall,  the  entrance  of  the  antrum,  contracted  by 
the  ethmoid  above,  the  palate  bone  behind,  and  the  in- 
ferior turbinated  bone  below.  This  meatus  is  of  much 
less  extent  than  the  inferior ;  it  occupies  little  more  than 
the  middle  two-fourths  of  the  outer  wall.  Siqyerior 
meatus.  A  horizontal  channel  occupying  the  posterior 
third  of  the  outer  wall,  much  shorter,  and  altogether 
amaller,  than  the  others,  open  behind  and  below,  and 
closed  in  front  by  the  posterior  wall  of  the  anterior  eth- 
moid cell.s.-  Its  inner  wall  is  formed  by  the  upper  turbinated 
bone  (a  little  carved  spongy  pilate  of  the  ethmoid,  which 


•  Transmits  the  nasal  duct. 


t  Lodges  the  laclirj-mal  sac. 


96 


TEMPORAL  FOSS^. 


has  been  iDefore  described) ;  its  outer  wall  is  formed,  ■ 
hehind  by  part  of  the  inner  surface  of  the  nerh  of  the 
orbitar  process  of  the  palate  bone,  in  front  by  the  inner 
sui-face  of  the  lateral  mass  of  the  ethmoid  ;  it  is  boiinded 
above  by  the  floor  of  the  posterior  ethmoid  cells.  This  ■ 
meatus  presents  two  apertures;  the  spheno -palatine  fora- 
men,* at  the  posterior  extremity  of  its  outer  wall ;  the 
entrance  of  the  posterior  ethmoid  cells  at  the  anterior  ex- 
tremity of  its  upper  wall.  Above  and  in  front  of  this 
superior  meatus,  the  outer  wall  of  the  nasal  fossa  is 
formed  by  the  rough  inner  surface  of  the  lateral  mass  of 
the  ethmoid,  which  presents  the  obhque  aperture  of  seve- 
ral olfactonj  canals. 

136.  The  nasal  fossae  are  formed  by  the  vomer,  sphe- 
noid, ethmoid,  upper  maxillary,  palate,  frontal,  nasal, 
lachrymal,  sphenoidal  turbinated,  and  inferior  turbinated, 
bones. 

OP  THE  TEMPORAL  FOSSAE. 

137.  That  part  of  each  temporal  fossa  which  belongs 
to  the  cranium  has  been  already  described  (68).  When 
the  skull  is  entire  this  fossa  is  completed  at  its  lower  and 
external  part  by  the  zygomatic  arch,  a  horizontal  bony 
projection,  formed  by  the  temporal  and  malar  bones. 
This  arch,  which  is  wider  in  front  than  behind,  convex 
externally,  concave  internally,  and  traversed  by  the' 
oblique  suture  between  the  posterior  angle  of  the  malar 
and  the  zygomatic  process  of  the  temporal,  encloses  an 
empty  space,  filled  up  in  the  recent  subject  by  a  muscle.t 
The  temporal  fossa  is  completed  as  its  lower  and  anterioi 
part  by  the  upper  portion  of  the  malar  bone,  and  is 
separated  to  a  certain  extent  from  the  zygomatic  fossa  bj 
a  rido-e  which  runs  from  the  anterior  root  of  the  zygoma 
transversely  across  the  temporal  and  greater  wing  of  th( 
sphenoid.  In  front  of  this  ridge  the  two  fossas  seem  t< 
run  into  each  other,  and  cannot  be  very  accurately 
defined ;  a  difficulty,  however,  which  is  of  no  practica, 

importance.  ,  ,     ,    ,  ,       •  ,  i 

The  temporal  fossa  is  formed  by  the  temporal,  panetal 
frontal,  sphenoid,  and  malar  bones.  It  is  occupied  by  £ 
large  muscle.f  to  which  it  also  gives  origin. 

•  Corresponds  to  Meckel's  ganglion,  and  transmits  the  spbcno 
palatine  vessels  and  nerves. 

f  Temporal. 


SPHEXO-MAXILLAEY  FOSSiE. 


97 


OF  THE  ZYGOMATIC  FOSSAE. 

138.  Two  irregularly  shaped  spaces,  situated  one  on 
each  side  of  the  head,  and  bounded,  hehmd,  by  the 
posterior  border  of  the  pterygoid  process  of  the  sphenoid ; 
in  front,  by  the  ridge  which  descends  from  the  malar  pro- 
cess of  the  upper  maxillary  ;  beloiu,hj  the  aveolar  border 
of  the  upper  maxillary ;  and  above,  by  the  horizontal 
ridge  described  in  the  last  section.  The  space  thus  cir- 
cumscribed will  be  obseiTcd  to  consist  of  two  portions  ; 
an  anterior  and  larger,  formed  by  the  zygomatic  surface 
of  the  upper  maxillary  bone ;  a  jposterior,  formed  above 
by  part  of  the  greater  wing  of  the  sphenoid,  below  by 
the  pterygoid  process,  and  by  a  narrow  slip  of  the  vertical 
plate  of  the  palate  bone  which  intervenes  between  the 
pterygoid  process,  and  the  upper  maxillary  bone.  (89) 
The  anterior  portion  is  convex,  and  presents,  near  the 
middle,  the  upper  orifices  (two  or  thi-ee  in  number)  of  the 
'posterior  dentar  canals.  The  posterior  portion  is  concave, 
and  gives  attachment  to  a  muscle.*  (The  spine  of  the 
sphenoid  very  often  stretches  forward  and  joins  the  outer 
plate  of  the  pterygoid  process,  forming  with  it  a  large 
foramen.  This  is  a  mere  accidental  hole  of  no  impor- 
tance, and  never  mentioned  by  anatomists  ;  nor  should  I 
notice  it  here,  but  that  it  is  apt  to  perplex  an  inexperienced 
eye.)  These  two  portions  of  the  zygomatic  fossa  are 
separated  by  the  pterygo-maxillary  fissure,  a  triangular 
interval  formed  by  the  divergence  of  the  maxillary  bone 
from  the  pterygoid  process.  It  opens  a  communication 
between  the  zygomatic  and  spheno-maxillary  fosste,  unites 
at  a  right  angle  with  the  spheno-maxillary  fissure,  and 
transmits  vessels.f 

OP  THE  SPHEXO-MAXILLARY  FOSSAE. 

1-3!).  These  are  two  small  triangular  fossae,  situated  one 
•  on  each  .side,  beneath  the  apex  of  the  orbit.  Its  base  or 
■upper  wall,  in  formed  by  a  small  part  of  the  under  surface  of 
the  Vxxly  of  the  sp^henoid ;  its  posterior  wall  is  formed  by 
the  anterior  aspect  of  the  pterygoid  process  ;  its  anterior 
wall  by  the  postftrior  surface  of  the  upper  maxillary  ;  its 
inner  wall  by  the  vertical  plate  of  the  palate  bone.  Its 
outer  wall  is  deficient,  being  substituted  by  the  j^terygo- 


•  External  pterygoid.  -f  Intomal  maxillary.  , 

n 
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maxillary  fissure  just  described ;  its  apea;  is  formed  by  tlie 
approximation  of  the  pterygoid  process  to  the  maxillary 
tuberosity.  The  sjiherioidal,  spheno -maxillary  *  and 
j)terygo-maxillary  fissures  terminate  in  this  fossa ;  here 
seeming  to  run  into  each  other  like  the  fissures  in  a 
starred  pane  of  glass.  In  its  fosturior  wall  there  are 
three  orifices  ;  1st,  the  anterior  orifice  of  the  foramen 
rotundum  ;f  2ndly,  inferior  and  internal  to  that,  the 
anterior  orifice  of  the  vidian  canal  ;l  3rdly,  internal  and 
a  little  inferior  to  that,  the  anterior  orifice  of  the  lAarygo- 
palatine  caual.§  In  its  internal  wall  is  seen  the  spheno- 
palatine foramen,]]  by  which  it  communicates  with  the 
nasal  f ossas,  while  its  lower  extremity  or  apex  is  perforated 
by  the  superior  orifice  oi  the  posterior  ^Jalatine  cajiaJ^f  (as 
will  be  seen  by  passing  a  bristle  up  from  below).  Besides 
these  larger  openings  this  fossa  presents,  near  its  apes, 
the  superior  orifices  of  two  or  three  little  accessory 
posterior  yalatine  canals**  (which  have  already  been  de- 
scribed as  opening  below  on  the  tuberosity  of  the  palate 
bone.)    (89)  ^  ,  , 

140.  This  fossa,  then,  is  formed  by  the  sphenoid,  upper 
maxillary,  and  palate  bones ;  communicates  with  the 
orbitar,  nasal,  and  zygomatic  fossaj,  and  with  the  cavity  of 
the  cranium ;  presents  five  apertures,  and  is  the  meetmg- 
point  of  three  large  fissures.  The  relative  position  of 
these  openings,  and  the  boundaries  of  the  cavity  itself, 
should  be  carefully  studied  ;  being  essential  to  an  accurate 
acquaintance  with  the  distribution  of  several  important 
vessels  and  nerves  contained  in  this  fossa. 


OF  THE  CEANIO-FACUL  SUTURES. 

141.  These  are  not  very  numerous ;  nor  have  they 
received  particular  designations.  Like  the  other  sutures 
they  are  best  distinguished  by  names,  compounded  of 

*  TUis  fissure  opens  a  communication  from  the  orbit  into  the 
temporal,  zygomatic,  and  spheno-maxillary  fossa>. 

t  Transinits  the  superior  maxillary  nerve,  which  is  the  second 

division  of  the  5th.  ,  , 

1  Transmits  a  nerve  and  vessels  of  the  same  name. 

8  Transmits  vessels  and  nerves  of  the  same  name. 

\  Corresponds  to  the  ganglion  of  Meckel,  and  transmits  the 
spheno-palatine  vessels  and  nerve. 

if  Transmits  vessels  and  a  nerve  of  the  same  name. 
Trausmit  small  vessels  and  nerves  of  the  same  name 
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those  of  the  bones  between  which  they  are  respectively 
formed. 

In  the  centre  appears  a  horizontal  suture  formed  by  the 
junction  of  the  nasal  bones,  and  the  nasal  processes  of 
the  upper  maxillary  bones,  on  the  one  hand,  with  the 
nasal  notch  of  the  frontal  on  the  other.  This  suture 
surmounts  the  nose,  and  is  continuous  on  each  side  with 
a  very  short  horizontal  suture  formed  between  the  la- 
chrymal aud  the  internal  angular  jjrocess  of  the  frontal. 
This  last  is  continuous  with  the  vertical  suture  between 
the  lachrymal  and  ethmoid ;  and  this  again  meets  at  right 
angles  the  horizontal  suture  between  the  ethmoid  and 
upper  ma.>dllary.  These  three  last-mentioned  sutures  are 
within  the  orbit,  and  to  its  inner  side.  At  its  outer  side 
is  observed  the  meeting  of  the  malar  bone  with  the  frontal 
above,  and  the  sphenoid  below.  Still  more  externally 
appears  the  oblique  bevelled  suture,  formed  between  the 
posterior  inferior  angle  of  the  malar,  and  the  zygomatic 
process  of  the  temporal  bone.  Quite  at  the  back  of  the 
face  there  is  a  vertical  suture  formed  by  the  junction  of 
the  pterygoid  process  of  the  sphenoid  with  the  nasal 
plate  of  "the  palate  bone.  Two  articulations  within  the 
nasal  fossae,  one  a  schindylesis  (see  Table,  §  9)  between 
the  vomer  and  sphenoid,  the  other  an  cqo^Josita  between  the 
ethmoid  and  the  ethmoidal  process  of  the  inferior  turbi- 
nated bone,  make  up  the  list  of  sutures  formed  by  the 
junction  of  cranial  with  facial  bones. 

rORM  AND  STKUCTUIIE  OF  THE  FACE. 

The  face,  Uke  the  cranium,  presents  considerable 
varieties  of  form  and  relative  size,  at  diffei-ent  periods 
of  Ufe,  and  in  different  races  of  mankind.  In  the  foetus, 
tie  alveolar  arches,  still  containing  the  germs  of  the 
teeth,  are  lar^e  and  prominent;  the  non-development  of 
the  antrum  contracts,  in  every  direction,  the  middle  region 
of  the  face  :  and  the  great  size  of  the  forehead  and  orbits, 
already  advancing  toward.s  maturity,  gives  a  dispropor- 
tionate expansion  to  its  upper  part.  In  the  adult,  its 
middle  region  gains  in  every  dimension  by  the  develop- 
ment of  the  maxillary  sinuses,  while  the  growth  of  the 
teeth  increa.-ies  its  vertical  extent,  and  renders  the  angle 
of  the  jaw  less  obtuse.  In  old  age,  the  fall  of  the  teeth 
gives  ri.se  to  a  series  of  changes,  well  ktiown  in  their  eU'ecta 
on  the  features  during  life,  and  already  recounted  in  tho 
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description  of  the  lower  jaw.  On  tlie  national  peculiarities  I 
of  the  face,  we  shall  have  to  touch  briefly  in  the  general 
review  of  the  skull.    Its  structure,  and  the  arrangement  : 
of  its  parts,  furnish  a  very  good  illustration  of  the  : 
mechanical  jDrinciples  on  which  the  whole  skeleton  ia  i 
framed.    Examined  from  without,  the  face  presents,  in  : 
evei-y  direction,  thick,  bony  arches,  well  adapted  for  the  i 
resistance  of  mechanical  violence  ;  while  its  interior  is  I 
constructed  of  fragile  lamina3,  and  slender  processes,  I 
extremely  irregular  in  form  and  disposition.    The  ratio- 
nale of  this  arrangement  scarcely  requires  explanation. 
Strength  would  be  obviously  superfluous  in  parts  which 
derive  from  their  position  an  adequate  securlt}' ;  and  their 
attenuation  allows  additional  density  and  strength  to  be 
thrown  into  the  surrounding  arches,  without  increasing 
the  mean  weight  of  the  whole  structure.    It  is  never 
indeed  for  its  ahsolute  strength  that  we  admire  the  archi- 
tecture of  the  "  house  in  w^hich  we  live."     A  blacksmith 
might  forge  a  stronger  skeleton.    But  there  would  be  ' 
nothing   admirable  in  its  ponderous  mechanism  and 
redundant  strength.  The  characteristics  which  di.sti aguish  j 
the  workmanship  of  Nature,  and  excite  a  discriminative  ( 
and  judicious  admiration,  are  found  in  the  rigid  economy  j 
conspicuous  in  every  part — the  diversified  application  of  p 
each  single  contrivance — the  effective   employment  of  jj 
ap])arently  insignificant  advantages — the  accurate  adjust- 
ment  of  the  capabilities  of  each  organ  to  the  special ,  i 
function  which  it  is  designed  to  perform,  and  the  parti- ■ ; 
cular  strain  which  it  has  to  support — the  elasticity  of  one,  .t 
the  rigidity  of  another,  the  tenuity  of  a  third,  the  density 
of  a  fourth  ;  and  the  wonderful  combination  of  lightness 
and  durability  which  results  to  the  fabric,  considered  as  a 
whole. 

PROPOUTIONS  OF  THE  SKULL. 

142.  As  the  cranium  contains  the  organs  of  intellect, 
and  the  face  the  apparatus  of  sense,  the  relative  size  of; 
these  two  divisions  of  the  skull  serves  to  indicate  the 
relative  development  of  the  mental  and  physical  faculties, 
in  different  classes  of  animals,  and  diflierent  individuals  of 
a  class.  This  circumstance  gives  great  interest^  to 
the  comparative  mensuration  of  the  skull:  and  since 
Daubenton  opened  the  subject,*  in  1764,  it  has  beeJi 


•  Long  before  Daubenton  wrote,  Albert  Durer  gave  extremely 
laborious  admeasurements  of  the  bead,  in  almost  every  possible 
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minutely  studied  by  several  eminent  anatomists.  I  pro- 
pose in  "this  section  to  give  a  slight  sketch  of  the  different 
methods  which  have  been  adopted  for  determining  the 
relative  proportions  of  the  skull,  subjoining  a  short 
account  of  its  peculiar  character  in  the  three  great 
families  of  mankind,  and  concluding  with  a  few  observa- 
tions on  its  development,  structure,  and  use. 

Direct  Measurement.  This,  the  most  obvious  method 
of  ascertaining  the  proportions  of  the  skull,  has  been 
employed  by  several  anatomists.  The  table  on  the  follow- 
ing page  exhibits  the  dimensions  of  the  cranium  according 
to  Bichat  and  Bourgery,  together  with  the  average  size  of 
three  weU-proportioned,  moderately-developed  European 
skulls,  measured  by  me. 

DArBENTON's  Occipital  Angle.  This  angle  is  designed 
to  show  the  position  and  inclination  of  the  occipital 
foramen.  A  line  is  drawn  from  the  posterior  extremity 
of  the  margin  of  the  occipital  foramen  to  the  lower  border 
of  the  orbit ;  and  another  from  the  posterior  extremity  of 
the  margin  of  the  occipital  foramen,  over  the  convexity  of 
the  occipital  condyle.  The  angle  formed  by  these  lines 
will  obviously  increase  as  the  foramen  magnum  is  placed 
further  back,  and  deviates  more  and  more  from  the 
horizontal  position.  It  is  stated  by  Daubenton  to  be 
3  deg.  in  man,  34  deg.  in  the  orang-otang,  and  somewhat 
more  than  90  deg.  in  those  quadrupeds  which  in  this 
respect  present  the  greatest  contrast  to  the  human  species. 
In  the  most  perfect  form  of  the  human  skull  the  i^lane  of 
the  occipital  foramen  is  horizontal ;  and  its  position  is 
snch  that  a  line  drawn  tranversely  across  the  base  of  the 
cranium,  half-way  between  the  occipital  tuberosity  and 
the  upper  incisors,  passes  through  the  anterior  extremity 
of  the  foramen  magnum.* 


■view.  He  also  invented  a  facial,  a  nasal,  and  a  maxillary  line 
(described  in  his  great  work  "  Do  Symmetria  Partiiim  in  Rectis 
Formis  Himianonim  Goq^iorum,"  piit>lished  in  1.5.^.3).  But  he  studied 
the  snVjiect  r/ierely  as  a  painter  ;  its  pli ysiologioal  bearings  were  first 
considered  by  Daubenton,  as  stated  "in  the  text.  I  mention  thia 
particnlarly,  hieeanse  Cruveilhier,  and  others,  appear  to  attribute  to 
Camper  the  merit  of  originating  this  inquiry. 

•  The  pnqjose  of  Daubenton's  angle  has  been  frequently  mis- 
understood. Cmveilhier  says,  "L'angle  facial  no  founiissant  au- 
cone  donn'-e  snr  la  capacity  des  rijgions  postflricures  du  crano, 
Danbenton  a  en  sp<;r-ial' rnent  en  vue  cet  objet  dans  la  mosure  qui 
porte  le  nf.m  d'angle  oceipital  dc  lJaulx;iiton  ;  mais  eette  Tm^suro, 
comme  toutes  lea  meaures  liocaires  appliqudos  ci  la  ddtcruiiuatiou 
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Campers  Facial  Angle.  To  form  this  angle,  a  facial 
line  is  drawn  from  the  most  prominent  point  ot  the  tore- 
head  to  the  most  prominent  point  of  the  upper  ]aw.  This 
is  intersected  (according  to  Camper's  original  method)  by 
a  second  Hue,  drawn  from  the  external  aperture  of  the 
meatus  auditorius  to  the  base  of  the  anterior  opening  of 
the  nose  Other  anatomists  have  drawn  the  second  line 
from  the  aperture  of  the  ear  to  the  most  prominent  point 
of  the  lower  jaw,  i.e.  to  the  inferior  extremity  of  the 
facial  Une.  (Camper's  own  figures  do  not,  by  any  means, 
correspond  as  to  the  direction  and  point  of  junction  of 
the  two  lines  ;*  though  the  whole  utility  of  the  angle,  as  a 
comparative  measurement,  obviously  depends  upon  uni- 
formity in  this  respect.)  The  facial  angle  is  stated  to  be 
about  70  de<^.  in  the  Ethiopian  variety  of  mankind,  about 
7.5  dec.  in  the  MongoUan,  and  from  80  to  85  deg.  in  the 
Cauca°sian  division.  In  the  orang-otang  it  is  30  deg. 
(Owent),  in  the  mastiff  41  deg.,  in  the  horse  23  deg.  The 

de  la  capacity  du  crane  sont  ndcessaii-ement  inexactes."    I  have  not 
found  the  design  here  attributed  to  Daubenton,  either  expressed  or 
impUed  in  his  original  paper;  and  the  objection  founded  on  this 
erroneous  assumption  is,  of  course,  mvalid.    The  real  source  of 
fallacy  in  Daubenton's  angle  appears  to  be,  that  it  depends,  m  a, 
"  great 'measure,  on  the  prominence  of  the  occipital  condyles,  instead 
of'=implv  indicating  the  position  and  inclination  of  the  foramen 
maanuml    For  instance,  in  the  porpoise,  the  occipital  condyles  are 
verv  large  but  project  very  little  beyond  the  plane  of  the  foramenj 
in  the  ti^er  they  are  much  smaller,  but  extremely  prominent;  and 
though  !n  point  of  fact,  there  is  a  difference  of  full  20  degrees  In 
thf  intimation  of  the  occipital  foramen  in  these  two  animals,  yet 
Daubenton-s  angle  is  nearly   alike  in  both.     Blumenbach  and 
LawTf-nce  direct  the  second  line  to  be  drawn  m  the  plane  of  the 
foramen  itself,  and  this  is  doubtless  a  more  certiiiu  method;  but  it 
reduce-s  the  angle  considerably.    However,  in  all  the  human  skulls 
•which  I  have  measured  by  Daubenton's  original  method,  I  have 
found  the  angle  nearer  10  or  12  deg.  than  3  deg.    Blumenbach  con- 
sidf-rs  the  angles  both  of  Camper  and  Daubenton  useful  for  the 
distinr-tion  of  animals,  but  insufficient  to  determine  the  vaneties  of 
the  human  species.    The  former  angle  he  often  found  the  same  m 
skulls  of  different  nations,  while  the  latter  as  frequently  varied  in 
aknlls  of  the  same  nation.  ,  .  ,        v  i 

•  See.  for  example,  his  first  plate,  figures  2  and  3,  m  which  the  basal 
line  paflseq  con.siderably  below  the  meatus  auditorius  cxtornus. 

t  Lawrence  stetes  it  to  U:  :>»  deg.,  other  naturalists  as  high  as 
64  deg.  These  errors  have  arisen  from  t)ie  examination  of  the 
sknlls  of  young  orang-otangs  ;  as  Mr.  Ow<  ii  has  shown  in  his  paper 
on  the  osteology  of  the  chimpanzee  and  orang-otang.  Zoul.  Trans. 
vol.  i. 
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Grecian  sculptors  increased  it  to  a  right  angle  (90  deg.) 
in  representing  sages  and  heroes  ;  and  when  they  wished 
to  convey  an  idea  of  super-human  intellect,  as  in  the 
statues  of  Apollo  and  Medusa,  they  extended  it  to 
100  deg* 


*  The  transcendental  anatomists  attach  great  importance  to  the 
angle  at  which  the  nasal  bones  join  the  cranium.  They  regard  the 
coccygeal  bones,  the  sacral  and  spinal  vertebraj,  the  segments  of 
the  cranium,  and  the  bones  and  cartilages  of  the  nose,  as  forming 
one  continuous  hollow  column,  designed  for  the  reception  of  the 
central  organs  of  animal  life.  Each  extremity  of  this  column  is 
rudimentary,  the  cocci/geal  bones  being  vestiges  chiefly  of  the  bodies 
of  vertebrae,  the  nasal  bones  and  cartilages  being  vestiges  chiefly 
of  the  laminw  of  vertebraa.  The  transcendentalists  also  trace  an 
analogy  between  the  ribs  of  the  thora.v,  the  lateral  walls  of  the 
pelvis,  and  the  upper  maxillary  bones  (with  several  other  portions) 
of  the  skull :  all  these  bones  belonging  to  a  series  destined  for  the 
protection  of  the  organs  of  vegetable  life.  Each  pair  of  ribs  in  the 
thorax,  and  each  pair  of  bones  analogous  to  ribs  in  the  pelvis  and 
face,  is  called  a  jyroto-vcrtebra.  Each  segment  of  the  continuous 
column  foi-med  by  the  coccygeal  bones,  the  sacral  and  spinal  ver- 
tebra;, the  cranial  segments,  and  the  bones  and  cartilages  of  the 
nose,  is  called  (whether  enormously  developed,  as  in  the  cranium, 
or  reduced  to  a  mere  vestige,  as  in  the  coccyx  and  nose)  a  deiito- 
vertebra.  This  explanation  will  suffice  to  render  the  tenns  em- 
ployed, and  the  analogies  assumed,  in  the  following  observations, 
intelligible  to  the  reader :  for  fuller  infoi-mation  he  is  refeiTed  tn 
the  transcendental  writings  of  Carus.  lu  the  lower  vertebrated 
animals  the  deuto-vertebral  column  is  straight,  or  nearly  so,  from 
end  to  end.  In  the  higher  orders  it  is  curved,  aud  presents  two 
angular  changes  of  direction ;  one  at  the  junction  of  the  spinal 
vertebras  with  the  cranium,  the  other  at  the  junction  of  the  cranium 
with  the  nose.  The  variations  of  the  former  of  these  angles  are 
shown  by  Daubenton's  measurement ;  and  they  are  found  to  indi- 
cate correctly  the  rank  of  different  species  in  the  animal  kingdom  ; 
the  species  rising  in  the  scale,  as  the  angle  becomes  more  atinipt. 
Analogy  leads  the  transcendentalists  to  attach  a  similar  importance, 
to  the  variations  of  the  second  angle  ;  and  a  comparison  of  the 
beads  of  different  races  of  men  seems  to  corroborate  this  opinion. 
To  the  transcendental  philosophers,  moreover,  the  relative  develop- 
ment of  tho  proto-vertebral  and  deuto-vei-tebral  series  of  boues,  has 
an  important  signification ;  a  superior  development  of  the  deuto- 
vertebral  column  indicating  a  predominance  of  the  organs  of  animal 
life  over  those  of  the  merely  vegetable  functions.  For  instance,  a 
diminution  in  the  size  and  prominence  of  tlie  maxillary  and  inter- 
maxillary bones  (or  second  and  third  facial  proto- vertebra?),  as 
compared  with  the  lateral  and  alar  cartilages  of  the  nose  (or  second 
and  third  facial  deuto-vortebrfe),  is  an  improvement  in  the  shape  of 
the  head.  To  furnish  a  strong  contrast,  ilhislrative  of  these  \aews, 
we  may  compare  the  Greek  human  skull  with  tlu^  head  of  the 
lamprey.  In  the  fomer  tho  axis  of  the  vertebral  canal  forms  nearly 
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Barclay's  Basi-facial  Angle.— Dr.  Barclay,  obserAancr 
that  the  apertures  of  the  ear  and  nose  differ  considerably 
ia  position  in  different  animals ;  and  that  even  m  man 
the  aperture  of  the  ear  is  lower  during  infancy  than  m 
the  adult :  and  further  observing  that  these  variations 
are  independent  of  the  general  proportions  of  the  skull  ;* 
retained  Camper's  facial  line,  but  drew  the  second  or 
basial  Une  along  the  under  surface  of  the  palate,  con- 
tinuing it  forward  to  meet  the  facial  line  in  front  of  the 
alveolar  process.  His  reasoning,  so  far  as  it  goes,  is  just; 


aright  angle  with  that  of  the  cranium,  the  direction  of  the  nose 
app?oache?  the  vertical,  the  inter-maxillary  bone  (or  thu-d  facial 
proto-vertebi-a)  is  rudimentary  (some  say  altogether  deficient),  and 
the  upper  ja^  (or  second  facial  proto-vertebra)  falls  b^ok  con- 
siderablv  from  the  nose,  so  as  to  lie  almost  entirely  beneath  the 
cranium:    In  the  lamprev  these  relations  are  exactly  reversed ;  the 
spinal,  cranial,  and  nasalaxis  form  a  right  line :  and  the  last  proto- 
TCrtebra.  instead  of  being  rudimentary,  is  developed  mto  a  pertect 
rin<'.  completely  usurping  the  place  of  the  last  deuto-vertebra,  of 
wWch  not  a  vestige  is  to  be  found.    Between  these  opposite  ex- 
tremes there  are  many  intermediate  degrees.    In  the  negro  head, 
for  example,  the  vertebro-cranial  angle  is  more  obtuse  than  m  tbe 
Greek-  the  nasal  line  slopes  considerably  forward,  and  tlie  upper 
iaw  proiects  so  far  that  the  lips  are  thrust  out  almost  to  a  line  witti 
&e  extremity  of  the  nose.    In  the  simiae  all  these  characters  ai-o 
exagc'erated  ;  the  vertebro-cranial  and  cranio-nasal  angles  are  stilt 
more  obtuse;  and  the  upper  jaw  projects  beyond  the  tip  ot  the 
flattened  ill-developed  nose.    Guided  by  these  principles,  i  would 
gngfestthe  following  as  an  approximative  method  of  estimating 
the  proportions  of  the  skuU  in  different  races  of  men.    Cany  a  line 
(a  b )  from  the  occipital  tuberosity  to  the  root  of 
the  nose  (i.e.,  the  centre  of  the  naso-frontal 
sntnre):  meet  this,  behind,  by  a  prolongation  of 
the  f-xis  of  the  vertebral  foramen  ('//)  ;  in  front, 
by  the  line  (a  c)  representing  the  proiile  of  the 
noae.   The  angles  </ /  a  and  /  a  c  thus  formed, 
indicate  the  sudden  bends  of  the  deuto-vertebral 
colamn  in  this  region.    Lastly,  draw  the  facial 
Hne  (i  >:  )  from  the^root  of  the  nose  to  the  promi-  '' 
nence  or  the  upper  jaw,  so  as  to  form  a  third  angle  (/ a  e).  The 
ffiference  between  the  angles  f  a  e  and  fac  indicates  the  relative 
position  of  the  nose  and  upper  jaw.    As  these  three  angles  d  f  a, 
fac,  and /a  e,  become  less  obtu.se,  and  as  the  difference  between 
flie  second  and  third  increases  by  the  recession  of  the  upper  jaw, 
file  proportions  of  the  head  improve,  and  its  form  approaches  ideal 
perfection. 

•  •  This  is  shown  by  the  fact,  that  the  facial  angle  in  the  pni-pniso 
i8al>->ut00  deg.,  and  in  the  dolphin  still  greater— almost  equalling 
that  of  the  Greek  statues  of  the  gods. 


106  PROPORTIONS  OF  TEE  SKULL. 


and  his  angle  not  only  more  accurate,  but  more  easily  i 
measured  than  Camijer's,  especially  with  the  craniogonio-  i 
meter  invented  by  Dr.  Leach,  which  indicates  the  span  of  | 
the  angle  on  a  graduated  arc. 

Cuvier's  Method.  Cuvier  disapproves  of  Camper's 
facial  line,  because  it  is  liable  to  vary  with  the  thickness 
of  the  walls  of  the  cranium,  the  prominence  of  the  frontal 
sinuses,*  &c.  He  therefore  makes  a  vertical  section  of  the 
skull,  and  measures  the  areas  of  the  cranium  and  face.  In 
the  European  skull  the  area  of  the  cranium  is  to  that  of  the 
face  as  4  to  1 ;  in  the  negro  the  face  is  larger  by  one  fifth.f  | 

Tiedemann's  Method.  Professor  Tiedemann  determines 
the  capacity  of  the  cranium  by  ascertaining  the  weight 
of  millet  seed  it  is  capable  of  containing.    The  weight  of 
the  skull  is  taken,  first  while  empty,  afterwards  when 
filled :   and  the    difference   represents  its  capacity  in 
ozs.  and  drs.    It  is  an  extremely  simple  and  accurate 
method.    The  only  precaution  necessaiy  to  render  the 
results  of  different  observers  comparable,  is  to  ascertain  , 
the  weight  of  the  millet  seed  employed  ;  which  I  am  in- 
formed is  liable  to  vary  as  much  as  two  ozs.  in  a  quart.J  I 
I  have  already  given  a  specimen  of  the  results  furnished  ; 
by  this  plan  (65) ;  for  further  infoi-mation  the  student  may  |j 
consult  Tiedemann's  original  paper  in  the  "  Phil.  Trans."  , 
for  1836. 

Blumenbach's  normaverticalis.  Owen's  norma  basialis.  ! 
— These  methods  consist  in  ranging  the  skulls  to  be  com- 
pared  in  an  even  line,  and  then  contemplating  them,  in  C 
the  vertical  method  from  above,  in  the  hasial  method  from  i: 
below.  They  are  not  intended  to  furnish  definite  numerical  I 
results,  but  they  afford  to  the  practised  eye  a  collective  ii 
view  of  the  most  chn.racteristic  national  peculiarities  N 
of  the  cranium  and  face.  Each  method  has  its  peculiar  ;r 
advantages;  Prichard  gives  the  preference  to  Owen's.  ,i 
The  norma  verticalis,  adopted  by  Blumenbach  in  the  !i 
classification  of  his  extensive  collection  of  skulls,  de-  ■ 
Teloped  those  strong  differential  characters  which  led  to 


•  In  a  Scj-thiau  skull  at  King's  College,  the  prominonco  of  tlie 
frontal  sinuses  adds  noarl}-  3  deg.  to  the  facial  angle. 

t  Soemmeriug  and  Bonn  found  the  nasal  fossse  and  the  sinuses 
connected  with  it  remarkably  large  in  the  negro  face,  an  observation 
quite  in  accordance  with  the  well-known  acutenesa  of  the  sense  of 
smell  in  the  negro  tribes. 

t  Of  the  millet-seed  I  used,  3  quarts  weighed  exactly  61bs. 
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the  estaUishment  of  the  three  great  divisions  of  mantiiid, 
knowu  as  the  Caucasian  or  meso-bregmate,  the  Ethiopian 
or  steao-bre^niat€,  and  the  Mongolian  or  platy-hregmate 
varieties.  1  subjoin  a  short  abstract  of  the  most  impor- 
tant of  these  characters.  .    •    .1  . 

Caucasu\,  or  :Mego-hregmate  Skull.  This  is  the  most 
perfect  form  of  the  skuU  ;  the  standard  form  from  which 
the  two  others  are  deviations  in  opposite  directions.  The 
meso-bregmate  cramiim  is  rounded  and  symmetrical,  its 
posterior  ertremity  bears  to  the  anterior  the  proportion  of 
about  3  to  2,  and  it  has  a  capacity  which  may  be  repre- 
sented (as  compared  with  the  other  forms)  by  40.  (Tiede- 
SLLSX.)  The /ace  is  oval,  and  in  no  part  strikingly  promi- 
nent ;  its  area,  as  shown  by  a  vertical  section,  bears  to 
that  of  the  cranium  the  proportion  of  1  to  4. 

Ethiopia^',  or  Steno-hregmate  Skull.  This  form  con- 
veys the  idea  of  lateral  compression,  and  is  called  by  Dr. 
Pnchard  the  prognatlwus.  The  cranium  is  narrow,  and 
elongated  from  before  backward;  and  its  capacity  is 
equ^  to  37.  The /ace  is  also  narrow;  its  area,  as  shown 
by  a  vertical  section,  is  l-5th  larger,  in  proportion  to  the 
cranium,  than  that  of  the  Caucasian  face;  the  cheek- 
bones, jaws,  and  incisor  teeth,  project  considerably /or- 
Kard,  while  the  nose  is  flat.  The  muscular  impressions, 
both  of  the  cranium  and  face,  are  deeply  marked;  the 
temporal  fossa  is  large,  and  the  temporal  ridge  prominent, 
indicating  a  considerable  development  of  the  muscle  that 
moves  the  jaw ;  in  correspondence  vrith  which  appear- 
ances the  jaw  itself  is  large  and  strong,  and  the  teeth  are 
very  perfect  and  durable. 

ilo.N-GOLiAX,  or  Platy-hregmate  Skull.  This  form  con- 
veys the  idea  of  lateral  expansion.  The  cranium  is  broad 
and  square,  and  has  an  average  capacity  of  39.  The /ace 
ia  square  and  fiat ;  the  cheek-bones  and  zygomatic  arches 
project  very  much  laterally;  the  nasal  bones  scarcely 
appear  beyond  the  glabella,*  which  is  broad;  the  jaws 
are  wide,  and  the  dental  arches  but  slightly  convex  m 
front. 

The  first  of  these  three  forms  is  exemplified  m  the 
Europeans;  the  second  in  the  Africans;  the  third  m  the 
native  tribes  of  America.    Each  of  these  great  classes 


•  Thft  space  between  the  eyebrows:  so  called  bucauso  it  is 
deatitnte  of  hair. 
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is  subdivided  into  sections  presenting  particular  modifica- 
tions of  the  general  form  ;  and  these  groups  are  further 
liable  to  individual  deviations. 

In  concluding  this  section  on  the  proportions  of  the 
skull,  I  rnay  perhaps  be  permitted  to  describe  a  modifica- 
tion of  Tiedemann's  method,  by  which  I  have  obtained 
some  interesting  results  as  to  the  relative  cajDacity  of  the 
anterior  and  posterior  segments  of  the  cranium  in  dif- 
ferent races  of  men.  The  skull  being  held  with  the  face 
downward,  and  the  long  axis  of  the  cranium  in  a  vertical 
position,  millet  seed  is  poiTred  into  it  until  that  space 
which  lies  ui  front  of  the  anterior  extremity  of  the 
occipital  foramen  is  exactly  filled.  It  is  then  weighed. 
The  diiference  between  the  weight  thus  obtained,  and 
that  of  the  empty  skull,  gives  the  cajDacity  of  the  anterior 
segment  of  the  cranium.  Again,  the  difference  between 
this  weight,  and  that  of  the  skull  entirely  filled  with  the 
seed,  according  to  Tiedemann's  method,  gives  the  capacity 
of  that  segment  of  the  cranium  which  lies  behind  the 
anterior  border  of  the  occipital  foramen.  The  sphenoidal 
fissures,  and  the  apertures  in  the  base  of  the  cranium, 
should  be  lightly  stopped  with  tow  or  cotton  during  these- 
experiments,  a  precaution  which  must  also  be  observed  in 
practising  Tiedemann's  method.  The  Table  on  the  fol- 
lowing page  will  .show  the  nature  of  the  results  furnished 
by  this  method  of  research.  The  skulls  marked  B.  H. 
belong  to  the  museum  of  Bartholomew's  Hospital,  those 
marked  G.  H.  to  Guy's.  The  weight  used  is  avoirdupois ; 
and  the  three  last  columns  are  reduced  into  drs.  to  facili- 
tate comparison. 

An  extensive  series  of  these  researches  is  required  to 
neutralize  casual  errors,  and  furnish  exact  average  con- 
clusions :  but  we  may  safely  infer,  in  general  terms,  from 
the  few  observations  in  this  Table,  that  in  the  Escjuimaux, 
Chinese,  African,  and  Flat-head  Indian,  the  anterior 
segment  of  the  cranium  is  less  capacious  than  the 
posterior  ;  while  in  the  German,  Hindoo,  and  Grecian, 
these  joroportions  are  reversed ;  and  further,  that  even 
when  the  greater  capacity  of  the  entire  cranium  seems  at 
first  sight  to  place  the  African,  or  even  the  Flat-head 
Indian,  above  the  German  or  Hindoo  skull,  a  comparison 
of  the  capacity  of  the  anterior  segments  immediatel}^  re- 
establishes the  superiority  of  the  latter.  (Compare,  for 
instance,  the  eighth  in  the  Table  with  the  third ;  or  the 
last  with  the  second.) 
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Development.  The  foetal  skull  is  distinguished  by  i 
the  great  relative  size  of  the  cranium,  and  by  various  i 
indications  of  the  as  yet  imperfect  development  of  the  i 
bones.  The  centres  of  ossification  are  large  and  prominent; 
the  radiating  fibres  can  be  traced  on  the  surface  ;  the 
nutrient  foramina  are  numerous.  Several  parts  are  still 
separate  epiphyses — as  the  styloid  process  ;  others  are 
undevelojjed — as  the  mastoid  process,  the  sinuses,  and  the 
meatus  auditorius  externus.  The  frontal  and  sphenoid 
are  each  divided  into  two  pieces,  the  occipital  into  four, 
and  the  temporal  into  five.  The  bones  of  the  vault  are 
thin,  very  slightly  denticulated  at  the  edges,  and  not  in 
contact  with  each  other,  so  that  they  can  yield  by  a 
mutual  overlapping  to  the  temporary  pi-essure  of  parturi- 
tion. The  angles  of  each  parietal  bone,  being  the  furthest 
from  the  centres  of  ossification,  remain  for  some  time  in- 
complete, and  leave  six  spaces  only  closed  by  membrane. 
These  are  called  the  fontanelles  of  the  cranium  (from  an 
old  notion  that  the  humours  of  the  brain  flowed  out  through  . 
them).  The  two  largest  are  placed  in  the  median  line,  ] 
one  at  each  end  of  the  sagittal  suture ;  the  anterior  of  | 
these  is  called  the  larger,  and  the  posterior  the  lesser  i 
fontanelle.  The  larger  fontanelle  has  been  already  men- 
tioned in  the  description  of  the  parietal  bone  :  it  is  of  a 
lozenge  shape,  formed,  posteriorly,  between  the  two 
parietal  bones,  and  anteriorly,  between  the  two  lateral 
nalves  of  the  frontal  bone.  This  fontanelle,  which  is  the 
last  to  close,  finally  disappears  at  about  the  age  of  foiir 
years.  The  remaining  four  are  situated  laterally,  one  at 
each  end  of  each  squamous  suture.  Towards  adult  age, 
all  these  deficiencies  are  supplied ;  the  face  gains  in  size 
by  the  expansion  of  the  sinuses  ;  and  the  progress  of 
ossification  converts  many  membranous  and  cartilaginous 
parts  into  bone,  obliterates  the  temporary  sutures,  fixes 
the  epiphyses,  and  fills  up  many  of  the  nutrient  holes, 
now  no  longer  necessary.  In  old  age  the  deposition  of 
calcareous  matter  obliterates  by  degrees  even  the  rnore 
permanent  sutures,  and  renders  the  parietes  of  the  cranium 
dense  and  brittle;  the  teeth  are  shed,  and  the  lower  jaw 
undergoes  the  gradual  changes  in  shape  and  position  con- 
sequent on  their  loss  (110). 

Stkuctore  and  Usks.  The  skull  is  designed  to  contain 
and  protect  the  delicate  organization  of  the  brain  and  its 
dependencies;  a  purpose  for  which  it  is  very  well  adapted 
by  several  advantages  of  situation  and  structure.  Thus, 
it  ia  placed  on  the  top  of  an  clastic  column,  and  withm 
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the  ranee  of  two  limbs  which,  on  the  approach  of  danger, 
rise  instinctively  for  its  defence.    In  shape  it  is  an  egg- 
like dome,  vdth.  walls  which  are  tough  externally,  spongy 
in  the  middle,  and  extremely  dense  and  hard  within  ;  a 
triple  structure,  which  enables  them  to  deaden  much  of 
the  force  of  concussion,  and  to  oppose  a  considerable 
resistance  to  the   residue.     The  floor  of  the  cranium 
presents  four  strong  wedges,  diverging  from  a  comnion 
centre  ;  viz.,  the  body  of  the  sphenoid  in  front,  the  basilar 
process  of  the  occipital  behind,  and  the  petrous  process  of 
the  temporal  on  each  side.   The  sides  of  these  wedges  are 
only  connected  by  the  interposition  of  plates  of  cartilage ; 
so  that  they  are  not  rigid,  but  capable  of  yielding  a 
little  to  mechanical  violence.     The  roof  of  the  cranium 
consists  of  iDroad  bones,  alternately  overlapping  and  over- 
lapped at  the  borders,  so  as  to  aiford  each  other  a  mutual 
support.    They  are  united  above  by  strong  interlocking 
teeth,  and  prevented  from  starting  outward  below  by  the 
ascending  processes  of  the  temporal  and  sphenoid  (which 
latter  bone — well  called  the  l^ey  bone  of  the  skull — curves 
its  greater  wings  upward,  to  bind  together  the  vault  of 
the  cranium,  and  its  pterygoid  processes  downward,  to 
hold  in  apposition  the  two  lateral  divisions  of  the  face). 
The  roof  of  the   cranium  is  further  strengthened  by 
tuberosities  at  all  the  exposed  points,  and  by  two  strong 
ribs  (analogous  to  the  groinings  of  architecture),  which 
run  round  it,  one  in  the  longitudinal,  the  other  in  the 
transverse  direction,  crossing  each  other  behind  at  the 
occipital  protuberance,  and  abutting  below  upon  the 
•wedges  of  the  floor.    These  ribs  correspond  to  clefts  in 
the  cerebral  mass,  and  can  therefore  transmit  considerable 
vil^rations  without  affecting  its  substance ;  a  provision  of 
great  importance,  because  concussions,  or  violent  vibra- 
tion.s  of  tne  brain,  are  often  more  fatal  than  laceration, 
or  even  partial  de.stniction  of  its  substance. 

With  this  brief  analysis  of  its  structure  and  mechanism 
we  conclude  the  descriptive  anatomy  of  the  skull — the 
most  strongly  fortified  part  of  the  skeleton — the  very 
citadel,  as  it  were,  of  life.  And  in  quitting  the  subject, 
we  may  take  occasion  to  observe,  with  what  an  admirable 
economy  Nature  has  collected  around  this  stronghold  the 
delicat';  organs  of  the  principal  senses — which  are  thus 
adequately  {jrotected  without  additional  expense,  and  at 
the  sarne  time,  like  sentinels  at  the  gates  of  a  fortress, 
contribute  to  the  security  of  which  they  partake. 
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or  THE  BONY  PARTS  OF  THE  OKGAN  OF  HEARING. 

143.  Under  this  liead  we  laroceed  to  describe  the  auditory  i 
chambers  of  the  petrous  process  of  the  temporal  bone,  audi 
the  osslcula  audUus,  or  little  bones  of  hearing,  therein: 
contained. 

The  auditory  chambers  of  the  temporal  bone,  enu-. 
merated  from  without  inward,  are  the  following  : — Ist. ; 
The  external  meatus  ;   2ndly.  The  tympanum,  or  middle  t 
ear,  which  contains  the  ossicula  auditris ;  3rdly.  The ' 
labyrintJi,  or  internal  eai-,  consisting  of  three  distinct 'i 
portions,  placed  in  a  line  one  before  the  other,  viz.,  the 
vestibule  in  the  middle,  the  cochlea  in  front,  the  semi- 
circular canals  behind  ;  4thly.  The  internal  meatus. 

OF  THE  MEATUS  AUDITORIUS  EXTERNUS. 

144.  This  canal  leads  from  the  exterior  of  the  stull, 
into  the  tympanum.  Its  external  orifice  (which  we  have 
already  described  (61) ),  has  the  squamous  portion  of  the' 
temporal  above  it,  the  mastoid  process  behind,  and  the 
glenoid  cavity  in  front.  Prom  this  point  it  runs  inward 
and  a  little  forward,  forming  in  its  course  a  slight  curve, 
the  convexity  of  which  is  directed  upward  and  backward, 
and  terminating  in  the  external  orifice  of  the  tympanum. 
Now  this  orifice,  in  the  recent  subject,  is  closed  by  a. 
membrane  {memhrana  tymfani)  stretched  across  it;  and,: 
it  is  so  inclined,  that  a  line  drawn  peri^endicular  to  the 
outer  surface  of  that  membrane,  j^asses,  not  dii-ectly  out- 
ward, but  outward,  downward,  and  forward ;  and,  as  the 
obliquity  is  at  the  expense  of  the  upper  and  i^osterior 
walls  of  the  meatus  auditorius  externus,  it  follows  that 
this  passage  is  longer  at  the  lower  than  at  the  upper  part, 
and  also  in  front  than  behind.  It  is  smaller  at  its  inner  .- 
than  at  its  outer  extremity,  and  slightly  contracted,  Hke>l 
an  hour-glass,  in  the  middle.  Its  vertical  transverse 
section  is  of  an  oval  form,  with  the  greatest  diameter 
from  above  downward.  The  length  of  its  axis  in  the 
adult  is  about  ten  lines.*  The  anterior  and  inferior 
portions  of  this  canal  are  formed  by  a  curved  osseous 
lamina  which  presents  a  rough  edge  externally,  con- 
tributes in  front  to  form  the  glenoid  cavity  and  vaginal 
process,  and  blends  above  and  behind  with  the  rest  of  the 


*  A  line  is  one-twelfth  of  an  iuch. 
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bone.  In  the  fcetus  this  lamina  is  a  mere  detached  ring 
of  bone,  incomplete  at  the  upper  part ;  so  that  at  this 
period  the  external  meatus  is  deficient.  Its  external  orifice 
gives  attachment  to  the  cartilage  of  the  auricle,  or  ear, 
commonly  so  called,  and  it  is  lined  in  the  recent  state  by 
a  cartilaginous  tube  prolonged  from  the  auricle. 

OF  THE  TrUPANUM  OR  MIDDLE  EAR.* 

14-5.  The  tympanum  is  a  cavity  of  irregular  form, 
situated  just  oVer  the  jugular  fossa,  with  the  carotid  canal 
in  front,  the  mastoid  cells  behind,  the  meatus  externus  to 
its  outer  side,  and  the  labyrinth  or  internal  ear  bounding 
it  within.  Of  its  diameters,  the  antero-posterior,  which 
is  the  most  considerable,  measures  in  the  adult  about  five 
lines;  the  vertical,  which  is  next  in  length,  averages 
about  three  lines ;  and  the  transverse,  which  is  the 
shortest,  measures  between  two  and  three  lines  at  the 
upper  and  back  part  of  the  cavity,  and  between  one  and 
two  lines  below  and  in  front.  This  last  diameter  _  is 
subject  in  life  to  slight  variations,  from  a  cause  which 
wiU  be  presently  explained.  The  tympanum  has  si^ 
walh ;  an  external  and  an  internal,  a  fosterior  and  aa 
anterior,  a  superior  and  an  inferior.  The  two  first  of 
these  walls  are  flat,  and  their  limits  are  indicated  by  dis- 
tinct angles  ;  but  the  four  last  being  curved,  run  into  each 
other,  and  are  only  to  be  distinguished  by  their  relative 
positions. 

"Walls.  External.  Perforated  by  the  oval  orifice,  across 
■which,  in  the  recent  subject,  the  rnemhrana  tympani  is 
stretched ;  an  orifice  which  is  so  large,  that  in  the  dry 
bone  this  wall  seems  almost  deficient,  only  a  small  por- 
tion appearing  above  and  below  the  aperture.  The  edge 
of  this  orifice  is  grooved,  to  receive  the  membrane.  It  ia 
identical  with  that  which  has  already  been  mentioned  aa 
forming  the  inner  extremity  of  the  external  meatus  ;  and 
ita  obliquity,  which  was  shown  to  add  length  to  the  lower 
vjaM  of  the  meatus  at  the  expense  of  the  nyijer,  has  of 
conrae  exactly  the  opjiosite  effect  on  the  tympanum  ;  in- 


•  The  stnrlf-nt  will  reqniro  a  m,af;nifyiiip;  k'^s^  iinrl  some  fi-n© 
bristles,  in  studyiug  td';  minute  naniilK  uu'i  foriLniiua  of  tlie  uiiililLo 
«nd  internal  ear.  An  old  brush  sn|.ijli<'H  tin- bcf<l  bnstli^s  for  tliia 
purpose,  as  their  ends,  rounded  and  (I'oliHhed  by  use;,  sli|>  ovcrlittk* 
nieqoalilies,  in  which  recently-out  bristles  uve  liable  to  ciitcU.. 
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creasing  tlie  extent  of  its  upper  wall  at  the  expense  of  ( 
the  lo  wer.  The  outer  wall  presents  three  small  apertures,  , 
one  behind,  the  other  two  before  the  oi-ifice  of  the  mem-  • 
brana  tympani.    The  first  is  the  orifice  of  the  iter  chorclm 
posturias ;  the  second  is  the  GJaseriavi  fissure;  the  third  I 
is  the  orifice  of  the  iter  chordce  anterius.  The  iter  chorclm  ' 
posterius  is  a  minute  canal  which  commences  below  in 
the  aqneductus  Fallopii,  near  the  stylo-mastoid  foramen, 
(61)  ascends  in  front  of  the  aqueduct,  (Kil)  and  opens  in 
the  tympanum  behind  the  aperture  for  the  membrana 
tympani,  close  to  its  margin,  and  at  the  level  of  its  centre. 
This  canal  transmits  a  nerve*    The  Glaserian  fissure, 
(59)  which  is  said  by  H.  Cloqiiet,  Magendie,  and  others, 
to  traverse  the  floor  of  the  tympanum,  does,  in  fact,  open 
just  above  the  orifice  for  the  membrana  tympani,  near  the 
point  of  juuctinu  between  the  anterior,  superior,  and  ex- 
ternal walla.    This  fissure,  though  it  presents  a  length  of 
half-an-inch  on  the  exterior  surface  of  the  bone,  apj^ears 
within  the  tympanum  merely  as  a  little  slit,  about  a  line  ' 
long  ;  it  gives  passage  to  a  muscle.f  to  several  small 
blood-vessels,  and  to  the  processus  gracilis  of  the  mal- 
leus. (1-19)    Just  above  this  opening  appears  the  tympa- 
nine  orifice  of  the  iter  chordce  anterius.    This  is  a  minute 
canal,  which  runs  obliquely  forward,  downward,  and  in- 
ward, parallel  to  the  Glaserian  fissure,  to  open  in  the 
retiring  angle,  formed  between  the  squamous  and  petrous  ■ 
portions  of  the  temporal  bone.    It  lies  on  the  outer  side 
of  the  Eustachian  tube  (to  which  it  is  nearly  parallel), 
and  transmits  a  nerve.J    The  membrana  tympani,  which 
forms  the  principal  part  of  the  outer  wall,  belongs  to  the 
soft  parts,  and  must  not  therefore  be  here  described.  We  'i 
may  observe,  however,  that  it  is  supplied  with  muscles, 
by  which  it  may  be  drawn  either  inward  or  outward,  and:' 
that  these  changes  in  its  position  produce  corresi^onding; 
variations  in  the  width  of  the  tympanum.  Internal. 


*  Tlie  chorda  t3nnpaui ;  a  reflected  branch  of  the  facial,  given 
oil  by  it  just  bufuro  it  passes  out  of  the  aqueduclus  Fallopii. 
f  Laxator  tympani. 

X  Chorda  tympani.— Tliis  nerre  is  generally  said  by  the  English 
anatomical  writm-s  to  leave  the  tympaumn  by  the  Glaseriau  fissure. 
M.  Huguier  first  observed  the  separate  canal  described  in  the  text. 
Several  specimens,  in  my  possession,  prove  his  account  to  be 
correct.  I  have  noticed,  however,  that  the  two  passages  some- 
times op3n  into  the  tympanum  by  a  common  orifice,  from  which 
circumstance  the  prevalent  error  has  probably  arisen. 
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1  This  wall  is  vertical,  and  looks  directly  outward.    It  is 
:  perforated  by  the  fenestra  ovalis,  an  ajDcrture  which  leads 
■  bom  the  tympanum  into  the  vestibule.  (163)  The 
fenestra  ovalis  is  au  irregular  ovoid,  curved  above,  but 
nearly  straight  below.    Its  long  diameter  is  nearly  hori- 
zontal, it  is  a  httle  larger  behind  thau  before,  and  its  rim 
is  turned  inward  towards  the  vestibule.    It  is  closed  in 
the  recent  state  by  the  base  of  the  stapes,  (150)  which 
nearlv  fits  it ;  a  membrane,  called  the  memhrana  fenes- 
tra ovalis,  extends  fi-om  its  rim  to  this  bone.    This  mem- 
brane is  exactly  opposite  to  the  membrana  tympani;* 
and  is  connected  with  it  by  the  ossicula  auditus,  which 
stretch  hke  a  chain  across  the  tympanum,  from  one  meni- 
hrane  to  the  other.    Below  the  feiiestra  ovalis  is  an  emi- 
nence of  a  triangular  form,  with  its  apex  directed  back- 
ward.   This  is  called  the  promontory ;  it  is  hollow,  and 
:  its  cavity  belongs  to  the  cochlea.  (158)    It  is  traversed 
by  three  grooves,  which  lead  to  three^  minute  canals. 
These  little  passages  will  be  described  in  the  next  sec- 
tion.   The  lower  part  of  the  promontory  is  perforated  by 
a  triangular  hole,  improperly  called  the  fenestra  rotunda. 
This  hole  is  not  seen  unless  the  promontory  is  looked  at 
from  below  ;  an  imaginary  axis  drawn  through  its  centre, 
would  pass  from  below  upward,  forward,  and  inward;  it 
leads  from  the  tympanum  into  the  cavity  of  the  promon- 
tory, and  as  that  cavity  forms  part  of  the  cochlea,  it  leads 
from  the  tyrapanv/tn  to  the  cocldea.f    It  is  closed  in  the 
recent  state  by  a  membrane,  called  the  memhrana  tym- 
fani  searadaria.    A  horizontal  rounded  eminence  passes 
across  the  inner  wall  of  the  tympanum,  just  above  the 
fenestra  ovalis,  and  behind  that  opening  makes  a  curve, 
descend.s  nearly  vertically  on  the  posterior  wall  of  the 
^Tnpanum,  and  disappears.    This  curved  eminence  indi- 
cates the  course  of  a  canal  called  the  aqueductus  Fallopii, 
the  description  of  which  is  deferred  for  the  present.  Just 
in  front  of  the  vertical  portion  of  this  eminence  (and 
consequently  behind  and  below  the  fenestra  ovalis),  there 


*  Thft  tympannm,  on  account  of  theso  two  opposite  membranes, 
haa  V>;';n  cfjmpar<:d  to  a  military  drum--wli<-uo(;  its  riamo. 

t  T'ni.s  hole  is  usually  dcscriUid  as  bt-iug  Ijel/nv  tin;  promontory; 
i.n  f;xprf;saion  «il';ulal<jd  to  convey  the  frroiifous  iuipn/Hsion  that 
it  per!oratf;3  the  inner  wall  of  the  tympanum  bi-ru-alh  that  i-vuiueuce 
— whereaa,  in  tact,  it  is  an  aperture  in  the  promontory  itBcU. 

1  2 
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is  a  little  conical  eminence  called  the  pyramid*    Its  base  • 
is  directed  downward ;  its  apex  projects  freely  into  tlie  • 
tjmpannm,  being  curved  forward,  so  as  to  point  to  the  i 
posterior  extremity  of  the  fenestra  ovalis.  This  eminence  ; 
contains  a  cavity  called  the  fint ala,  and  its  summit  is  per-  • 
forated  by  a  hole.    In  the  recent  state,  the  fistula  lodgea  i 
a  minute  muscle.f  the  tendon  of  which  passes  out  through  i 
the  hole.    The  cavity  of  the  pyramid  is  usually  said  to  i 
terminate  in  a  cul-de-sac.    It  is,  in  fact,  prolonged  down-  • 
ward  as  a  canal,  which  at  first   descends  vertically,  , 
parallel  to  the  aqueductus  Fallopii,  and  only  separated  I 
from  it  by  a  thin  osseous  plate ;  and  afterwards  curves  i 
forward,  and  opens  on  the  lower  surface  of  the  ijetrous  i 
portion,  anterior  and  internal  to  the  stylo-mastoid  fora-  • 
men.  (Bl)    This  canal  communicates  with  the  aqueduct ; 
of  Fallopius ;  it  sometimes  bifurcates  below ;  it  gives  i 
i-ise  to  a  short  horizontal  canal,  which  loses  itself  in  the  3 
diploe.    (These  two  latter  points  I  give  on  the  authority  ' 
of  M.  Huguier,  the  discoverer  of  the  canal ;  but,  of  its  i 
existence,   and    communication   with    the    aqueductus  ■  i 
Fallopii,  I  have  satisfied  myself  by  observation.)    Just  in 
front  of  the  pyramid  there  is  a  little  depression,  or  nook, 
occasioned  by  the  eminence  of  the  jn'omontory  in  front, 
and  of  the  pyramid  behind ;  it  is  sometimes  called  the 
sinus  of  the  tympanum,  and  there  are  often  several  little 
bony  threads,  stretching  across  it  from  the  apex  of  the 
pyramid  to  the  promontory,  and  rendering  the  distinc- 
tion of  these  jjarts  rather  difficult  to  an  inexpei-ienced 
eye.    Posterior.    This  wall  is  wider  above  than  below, 
and  presents  at  its  upper  part  one  or  more  orifices,  be- 
longing to  a  canal  or  canals,  leading  downward,  back- 
ward, and  outward,  into  the  mastoid  cells.    These  are 
cavities  in  the  mastoid  process,  which  vary  considerably 
in  number,  size,  and  form.    There  are  generally  three  or 
four  large  ones  in  the  centre,  surrounded  hy  others  not 
much  exceeding  in  size  the  common  cellules  of  the  diploe. 
They  all  communicate  with  each  other  ;  but  are  invested 
in  the  recent  state  by  a  prolongation  of  the  lining  mem- 
brane of  the  tymi^anum,  which  sejaarates  them  from  tiie 


*  The  pyi-amid,  togotber  with  the  vertical  portion  of  the  ciiii- 
nence  described  just  before  it,  belongs  to  the  poslei-ior  wall.  It  is 
described  here,  iu  order  I  lint  its  relations  with  the  objects  ou  the 
iuner  wall  may  be  more  clearly  understood. 

f  Stapedius. 
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icommon  cells  of  the  diploc.  Beneath  the  opening  of 
Ithese  cells  appear  the  vertical  portion  of  the  eminence 
formed  by  tne  aquedudus  Fallopii,  and  the  ^^J/^'cc'^^c^ 
'(which  were  mentioned  in  the  description  of  the  internal 
iwall).  Antei-ior.  This  wall,  like  the  posterior,  is  wider 
I  above  than  below.  It  presents  at  its  upper  part,  just  at 
.the  level  of  the  fenestra  ovaHs,  two  orifices,  situated  one 
[  above  the  other,  which  are  the  posterior  apertures  of  two 
■  canals.  These  canals  run  from  the  anterior  wall  of  the 
;  tympanum  forward,  inward,  and  a  little  downward,  to  the 

•  retiring  angle  formed  between  the  petrous  and  squamous 
portions  of  the  temporal  bone.    Their  anterior  orifices 

:  occur  in  this  angle,  where  they  have  already  been  pointed 
i  out,  in  the  description  of  the  temporal  bone.  (61)  The 
t  two  canals  appear  to  result  from  the  subdivision  of  a 
6  single  canal,  by  an  extremely  delicate  hori2ontal  lamina, 
t  called  the  processus  cochlear  if  or  mis.  They  are  quite 
J  parallel  to  each  other.  The  superior  and  smaller  is  called 
1  the  canal  of  the  tensor  tympani.  It  is  rounded,  and  in 
t  the  recent  state  occupied  by  the  small  muscle  ;*  from 
'  which  it  takes  its  name.  It  lies  immediately  beneath  the 
:  upper  surface  of  the  petrous  portion  ;  close  to  the  hiatus 
Fallopii.  (61)  A  minute  passage,  about  a  line  in  length, 
:  runs  from  the  middle  of  this  canal  to  the  groove  leading 
'  to  the  hiatus  FaUopii ;  it  transmits  a  minute  nervous  fila- 

•  ment.f  The  posterior  extremity  of  the  canal  of  the  ten- 
:  Bor  tympani  is  prolonged  backward  into  the  cavity  of  the 

tympanum,   forming  a  little  curved  conical  eminence, 
strongly  resembhug  the  pyramid,  and  like  it  perforated 
at  the  apex  by  a  hole  which  transmits  the  tendon  of  the 
muscle  lodged  within  its  cavity.    This  anterior  pyramid, 
as  it  may  be  called,  is  much  more  delicate  and  fragile 
than  the  posterior  pyramid;  insomuch  that  its  upper 
half  is  frequently  destroyed  in  the  preparation  of  the 
I   bone,  and  nothing  is  left  of  it  but  a  little  curved  lamina, 
I    which  looks  like  a  mere  prolongation  of  the  cochleariform 
process ;  and,  in  fact,   is  usually  described  as  such. 
M.  Haguier  was  the  first  who  gave  a  correct  account 
of  the  anterior  j/yro/rnid.    I  have  a  bone  in  which  this 
I    part  is  nearly  j^erfect,  quite  sufficiently  so  to  show  its 
:    original  size  and  form.    The  inferior  and  larger  of  the 


•  TftTiaor  tympani,  or  internns  mallei. 

t  Sent  from  the  otic  ganglion  to  the  iiitomus  malleL 
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two  canals  under  review  is  the  bony  portion  of  the  Eus- 
taehian  t.ube.  This  canal  is  seven  or  eight  lines  long, 
and  runs  from  the  tymjsauum  downward,  forward,  and 
inward ;  its  posterior,  or  tympanitic  orifice,  is  wider 
than  its  anterior  opening,  which  is  joined  in  the  recent 
subject  to  the  cartilaginous  portion  of  the  Eustachian 
tube  ;  the  entire  passage  forming  a  communication  be- 
tween the  tympanum  and  the  pharynx.  Iv  fcrior.  This 
wall  is  very  narrow,  and  presents  nothing  remarlcable 
except  the  orifice  of  one  of  the  minute  cauals  of  the 
tympanum.  (146)  Superior.  Wider  than  the  inferior, 
and  perforated  by  somejjores  which  transmit  small  blood- 
vessels. 

OF  THE  GROOVES  ON  THE  FEOMONTOEY,  AND  THE  MINUTE 
CANALS  TO  WHICH  THEY  LEAD. 

146.  To  enable  the  student  to  understand  clearly  the 
relative  position  of  these  httle  passages,  it  is  necessary  to 
premise  that  a  small  nerve,  called  the  nerve  of  Jacobson, 
enters  the  tympanum  by  a  hole  in  its  floor  near  the  inner 
wall,  ascends  a  little  way  on  the  promontory,  and  just  in 
front  of  the  foramen  rotundum  divides  into  several 
branches.  Three  of  these  branches  run  in  grooves  on  the 
surface  of  the  promontory,  diverging  from  each  other,  to 
three  little  orifices,  by  which  they  finally  quit  the 
tympanum.  These  orifices  are  the  tymi^anine  extremities 
of  three  little  canals  which  traverse  the  substance  of  the 
petrous  portion,  and  convey  the  neiwous  filaments  to 
their  respective  destinations.  We  have,  therefore,  to 
examine,  first,  the  passage  by  which  the  nerve  of  Jacobson 
enters  the  tympanum,  called  after  its  discoverer,  the 
canal  of  Jacohson ;  secondly,  the  three  grooves  which 
diverge  from  the  tympanine  extremity  of  this  canal ;  and, 
lastly,  the  three  minute  canals,  to  the  tympanine  es- 
treniities  of  which  the  grooves  conduct.  Before  entering 
on  their  description,  we  must  warn  the  student  that 
sometimes  the  canal  of  Jacobson,  instead  of  opening  in 
the  tympanum,  ascends  in  the  substance  of  its  internal 
wall  and  sphts  into  three  diverging  canals,  which  pursue 
the  same  course,  and  become  continuous  with  the  same 
canals  as  the  grooves  we  shall  presently  describe.  In  these 
instances,  instead  of  grooves  diverging  from  a  common 
orifice,  and  leading  to  three  other  orifices,  we  have  canals 
concealed  within  the  substance  of  the  lamina  which  forms 
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the  promontory;  so  that  neither  grooves  nm-  orifices  are 
to  be  seen  on  the  walls  of  the  tympanum.  On  the  other 
hand,  one  or  more  of  the  grooves  may  be  so  superficial  as 
to  be  scarcely  perceptible,  except  m  the  immediate 
vicinity  of  the  orifices  ;  and  I  have  examined  some  speci- 
men^ in  which,  though  the  orifices  were  present,  no  traces 
of  the  crrooves  could  be  discovered,  even  with  a  lens. 

The  canal  of  Jacohson  commences  on  the  under  surtace 
of  the  petrous  process  by  a  fossula  of  variable  size,  sitiiated 
on  the  crest  which  separates  the  lower  orihce  of  the 
carotid  canal  from  the  jugular  fossa.  (61)    From  this 
point  it  ascends  to  the  tympanum ;  sometimes  perforating 
the  floor  of  that  cavity  close  to  the  internal  wa  1,  and 
lust  beneath  the  promontory;  sometimes  ascending  a 
little  wav  in  the  substance  of  the  lamina  which  forms  the 
promontory,   to   open  just   in   front  of  the  foramen 
iotundum.    It  is  from  this  point  that  the  three  grooves 
of  the  promontory  diverge.    The  anterior  groove  rui^s 
horizontally  forward  to  an  aperture  situated  m  the  line  oi 
innction  of  the  anterior  and  internal  walls  not  tar  above 
the  floor.    The  middle  groove  runs  upward  and  forward 
to  a  Httle  aperture,  also  situated  in  the  angle  formed  by 
the  junction  of  the  anterior  and  internal  walls,  but  mucn 
higher  up :  being  on  a  level  vvith,  and  just  internal  to, 
^  tympanine  orifice  of  the  Eustachian  tube._  Ihe 
posterior  groove,  which  is  the  deepest  and  most  distinct 
(and  frequently  traceable  when  the  others  are  absent), 
runs  vertically  upward  to  an  aperture  m  the  eternal 
wall  clo^e  under  the  anterior  pyramid  (commonly  called, 
the  proresi'ug  cochleariformis).  Such  are  the  grooves ;  and 
from  them  we  pass  naturally  to  the  caiials,  the  tympanine 
openino's  of  which  we  have  already  noticed.    The  canal 
to  which  the  antenor  groove  conducts,  runs  forward  troni 
the  above-mentioned  orifice  "situated  m  the  hne  ot 
innction  between  the  anterior  and  internal  wall  ot  the 
tympannm,  not  far  above  the  floor,"  to  open  in  the 
posterior  wall  of  the  carotid  canal,  just  where  it  changes 
Its  direction.    The  canal  to  which  the  middle  groove 
conducts,  commences  at  the  orifice,  "just  internal  to  the 
tympanine  extremity  of  the  Eustachian  tube,    and  runs 
forward  and  inward,  parallel  to  the  vertical  plane  ot  that 
tuV>e,  but  ascending  instead  ot  descending,  to  open  upon 
the  anterior  surface  of  the  petrmis  process  at  the  point 
jurt  internal  to  the  anterior  opening  of  the  canal  oj  the 
tvM'/r   tym];jani    which    lies    immediately    above  the 
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Eustachian  tube.  The  canal  to  which  the  posterior  or 
vertical  groove  conducts,  runs  forward,  upward,  and 
inward,  to  open  ia  the  hiatus  Fallopii,  or  in  the  groove 
leading  to  it.* 

Of  these  three  grooves  and  canals,  the  fir,st  and  last 
described  are  sometimes  double,  on  account  of  the  sub- 
division of  the  filaments  they  respectively  transmit. 

OF  THE  BONES  CONTzVINED  IN  THE  TYMPANUM,  OK 
OSSICULA  AUDITOs. 

147.  These  bones,  three  in  number,  and  very  small,  are 
named  after  objects  which  they  are  thought  to  resemble, 
the  malleus  or  hammer,  the  incus  or  anvil,  and  the  stajyes 
or  stirrup.  A  fourth  is  sometimes  described  under  the 
name  of  the  lenticular  bone.  This  is  a  minute  rounded 
bone,  interposed  between  the  incus  and  stapes  ;  but  as  it 
is  almost  always  united  to  the  incus,  even  in  the  foetus, 
it  is  considered  by  the  best  anatomists  as  an  epiphysis  of 
that  bone.  The  three  remaining  bones  have  this  relative 
situation.  The  incns  is  placed  between  the  other  two 
it  projects  forward  from  the  posterior  wall  into  the  centre 
of  the  tympanum ;  and  is  articulated,  externally  to  the 
malleus,  which  is  connected  with  the  menibrani  tympani, 
and  internally  to  the  stapes,  which  is  connected  with  the 
memhrana  fenestra!  ovalis. 

148.  Incus.  This  bone  bears  a  strong  resemblance  to 
a  molar  tooth.  It  is  divided  into  a  hocly  (which  may  be 
compared  to  the  crown  of  the  tooth),  and  two  hranclies 
(which  represent  the  fangs).  The  body  is  of  a  somewhat 
square  form,  but  compressed  from  side  to  side.  Its  inner 
surface  is  slightly  concave,  its  oi(.<e?- surface  is  convex,  and 
its  anterior  surface,  or  summit,  which  is  directed  forward 


*  The  nervo  of  Jacobson  is  a  branch  of  the  glosso-pharyngeal 
nerve.  The  filameut  trausniitted  bj'  the  first  groove  ami  the 
coiTespondiug  canal,  enters  the  carotid  canal,  and  joins  the  c.irotid- 
plexus,  establishing  a  communication  between  the  glosso-pliarju- 
geal  and  the  sympathetic.  The  filament  transmitted  liy  the  second 
groove  and  canal  passes  out  of  the  cranium  b}'  the  middle  lacerated 
foi'ameu,  and  just  beneath  the  foramen  ovale  joins  the  otic  gan- 
glion, of  whicli  it  is  reg.arded  by  Arnold  as  one  of  the  origins  or 
roots.  This  filameut  is  called  uervus  petrosus  superficialis  minor, 
in  contradistinction  to  the  uervus  petrosus  superficialis  major,  or 
cranial  branch  of  the  Vidian.  The  filament  transmitted  by  the  third 
groove  and  canal  joins  the  nervus  petrosus  superficialis  major. 
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md  a  Httle  upward,  is  concave  from  above  downward, 
•onves  from  side  to  side,  and  covered  with  cartilage  for 
'articulation  with  the  head  of  the  malleus.  The  superior 
■'.■.ui.-h  or  short  process  of  the  incus,  is  shorter  and  thicker 
•  nan  Vs  inferior  branch,  or  long  process  It  arises  from 
-be  back  of  the  body,  and  mns  backward,  and  a  little 
'downward  and  outward,  to  the  posterior  wall  of  the 
ivmpanum,  where  it  terminates  in  a  point  which  rests  m 
r"he  orifice  of  the  mastoid  ceUs.  The  inferior  branch,  more 
■V,n^  and  slender,  arises  from  the  lower  end  of  the  body, 
ad  descends  obUquely  forward  and  inward,  tiU  it  is  on  a 
"  vel  with  the  fenestra  ovalis.  Its  lower  extremity 
-hich  is  exactly  opposite  the  centre  of  the  fenestra  ovahs, 
out  separated  from  it  by  the  lenticular  bone  and  the 
stapes)  13  curved  a  little  inward,  and  presents,  sometimes 
the  c^urface  which  articulates  with  the  os  lenticulare,  more 
frequently  that  bone  itself,  united  to  it  as  an  epiphysis. 

U9.  AIalleus.  This  bone  is  divided  into  a  head,  a  nec/c, 
a  handle,  and  two  processes— viz.,  the  processus  gracilis, 
and  the  processus  brevis.  The  head  is  the  largest  and 
uppermost  part  of  the  bone,  and  articulates  with  the 
ilfcns  :  the  handle  is  a  vertical  branch  of  bone,  which  i-ests 
gainst  the  membrana  tympani;  the  neck  is  a  short 
contracted  portion  which  joins  the  head  to  the  handle, 
rtmnino-  obliquely  downward  and  outward  from  the  former, 
80  as  to  form  an  obtuse  angle  with  the  latter ;  the  short 
vrocefs  is  a  little  conical  projection,  which  rises  from  the 
angle  formed  by  the  junction  of  the  handle  and  neck ;  and 
the  processus  rjracilis  is  a  long,  curved,  and  dehcate  pro- 
cess, which  rises  from  the  anterior  part  of  the  neck  itseJl. 

The  head  is  of  an  oval  form ;  its  posterior  surface  is 
convex  from  above  downward,  concave  from  side  to  side, 
and  covered  with  cartilage  for  articulation  with  the  an- 
terior surface  of  the  body  of  the  incus ;  its  other  surfaces 
are  free.  The  neck  is  somewhat  thicker  than  the  handle ; 
it.s  inclination  downward  and  outward  from  the  body  has 
been  already  mentioned.  The  handle  adheres  firmly  to 
the  membrana  tympani,*  which  it  draws  inward,  so  as  to 


•  Thfi  membrana  tympani  consists  of  thrco  laminae;  an  extornal 
lamina,  continuous  with  tlio  dolicate  rofloction  of  tlio  cutis  which 
Knes  thf!  mf-at.us  ext/:mus;  a  mifldlo  fibrous  lamina,  or  proper 
tympanine  m<;mbranf;  ;  and  an  int^jrnal  lamina  continuous  with  the 
nracons  lining  of  tli''  middlf;  oar.  It  is  betweon  tbeso  two  latter 
kminje  ttiat  the  handle  of  the  malleua  is  iuterijoscd. 
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rendei-  its  outer  surface  concave.  Tlie  handle  is  curved 
forward  at  its  lower  extremity,  which,  corresponds  to  the 
centre  of  the  membrana  tympani.  A  radius  drawn  from 
the  centre  of  this  membrane  vertically  upward  to  the 
circumference  would  nearly  represent  the  position  of  the 
handle  of  the  malleus.  The  processus  gracilis  runs  from 
the  front  of  the  neck,  first  forward,  and  then  outward,  to 
enter  the  Glaserian  fissure,  where  its  summit  gives  at- 
tachment to  a  muscle.*  The  place  of  this  process  is 
sometimes  supplied  by  a  mere  ligamentous  cord.  The 
processus  brevis  runs  obliquely  upward,  outward,  and 
backward,t  from  the  junction  of  the  neck  and  handle :  it 
lies  in  contact  with  the  membrana  tympani,  and  gives 
attachment  by  its  summit  to  a  muscle.  J  With  regard  to 
the  exact  relative  position  of  the  malleus,  its  head  is 
situated  in  front  of  the  incus,  but  its  other  parts  are  ex- 
ternal to  that  bone. 

150.  Stapes.  This  bone,  which  strongly  resembles  a 
stirrup,  extends  horizontally  from  the  long  process  of  the 
incus  to  the  fenestra  ovalis.  It  is  divided  into  head,  base, 
and  two  branches.  The  head  (which  corresponds  with 
the  toj)  of  the  stirrap)  is  situated  externally,  and  is  sup- 
ported by  a  short  neck,  which  gives  attachment  posteriorly 
to  a  muscle. §  The  summit  of  the  head  is  directed  out- 
ward, and  presents  an  oval  cartilaginous  depression  for 
articulation  with  the  lenticular  epiphysis  of  the  incus. 
The  base  is  the  innermost  part  of  the  bone,  and  represents 
the  footbar  of  the  stirrup ;  it  is  a  thin  flat  plate,  cor- 
responding in  shape  with  the  fenestra  ovalis,  which  it 
loosely  fits.  Its  lower  edge  is  straight,  its  upper  edge 
curved,  and  its  posterior  a  little  larger  than  its  anterior 
extremity.  Its  internal  surface  is  concave,  and  its  cir- 
cumference is  connected  with  the  rim  of  the  fenestra 
ovalis  by  the  membrana  fenestra  ovalis. ||  Of  the  two 
branches,  the  anterior  is  the  shorter  and  less  curved. 


*  Laxator  tympani,  or  anterior  mallcL 

t  Gloquet  says  "backward."  Qiiniu  "outward  at  right  angles 
with  the  haudle."  Cruveilhier  "  a  littlo  outward."  Possibly  the 
direction  of  the  process  maj'  be  subject  to  variation;  in  all  the 
spocimens  I  have  examined,  it  has  taken  the  direction  described  in 
the  text. 

t  Tensor  tympani,  or  iutoi-nus  mallei.  §  Stapedius. 

II  The  base"  of  the  stapes  is  enclosed  between  two  Inmiuio  of  the 
membrana  fenestriB  ovalis,  exactly  as  the  handle,  of  the  malleus  19 
enclosed  between  two  laminaj  of  the  membrana  tympani. 
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Thev  arise  from  tlie  neck,  and  rnn  inward,  diverging  from 
each  other,  to  the  opposite  ends  of  the  base  Ihey  cir- 
cnmscribe  (with  the  base)  a  triangular  space  filled  m  the 
recent  subiect  by  a  deUcate  membrane.  A  groove  which 
receives  the  border  of  this  membrane,  traverses  the  op- 
posed edges  of  the  anterior  and  posterior  branches,  and. 
the  outer  surface  of  the  base.  i     +  „ 

This  bone  is  sometimes  very  small,  as  though  atro- 
phied. Crnveilhier  mentions  a  case  of  this  sort  m  which 
the  two  branches  were  joined  together.  ■  .       ■  a 

Ibl  Stkuctdre.  The  ossicula  auditns  consists  chiefly 
of  compact  tissue,  though  a  Httle  cellular  is  found  m 
their  thickest  parts.  .  ,    „  a- 

15-^  Development.  By  a  single  pomt  of  ossifacation 
for  each.  Akticulations.  With  each  other,  and  with 
the  walls  of  the  tympanum,  at  the  several  points  that 
liave  been  described. 


OF  THE  VESTIBULE. 

1.5.3  This  is  a  small  ovoid  cavity  situated  internal  to 
the  tvmpanum,  external  to  the  meatus  auditorius  m- 
temus,  and  above  the  jugular  fossa.    It  is  the  middle  ot 
the  three  portions  into  which  the  labyrinth  or  internal 
ear  is  divided;  the  cochlea  being  m  front  of  it,  and  the 
semicircular  canals  behind.    It  is  wider  above  than  below, 
and  divided  into  two  unequal  fissnlae  by  a  horizontal  crest 
on  its  inner  wall ;  the  upper  of  these  is  the  larger,  and 
has  a  semi-eUiptical  form :  the  lower  is  smaller  m  size, 
and  nf  arly  hemispherical  in  shape.  The  vestibule  presents 
eight  orifices;  five  of  which  are  the  apertures  of  the 
semicircular  canals.     These  latter  are  situated  at  the 
posterior  part  of  the  cavity.     Their  relative  position 
cannot  bo  understood  till  the  semicircular  canals  them- 
selven  have  been  examined.    Their  description  is  there- 
fore deferred.  (156)    Of  the  other  three,  one,  situated  m 
the  outer  wall,  is  the  fenestra  ovalis  already  described. 
In  the  dry  bone  the  vestibule  communicates  with  the 
tympanum  by  this  aperture;  but  in  the  recent  subject  it 
i3  closed  by  the  stapca,  by  its  own  proper  membrane,  and 
hy  the  general  lining  membrane  of  the  vestibule.  -  The 
two  remaining  apertures  are,  the  afeHura  scalce  vestihuh 
Mchlc'r:,  and  the  ost.eum  internum  aqnednrMs  veMmVi. 
The  former  is  an  oval  hole,  situated  below  and  before  the 
fenestra  ovalis,  and  leading  into  the  external  scala  of  the 
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cochlea.  (162)  The  latter  is  a  minute  orifice  in  the  inner 
wall  ot  the  vestibule,  situated  just  below  and  before  the 
oriface  common  to  the  two  vertical  semicircular  canals. 
(1-00}  _  A  short  groove,  called  by  Morgagni,  the  recessus 
snicijxirmis,  runs  downward  and  forward  from  this  orifice, 
which  IS  the  vestibular  opening  of  the  aqueductus  ves- 
TiBULi.  This  is  a  very  narrow  canal,  about  four  linea 
long,  which,  commencing  in  the  vestibule  by  the  last- 
mentioned  aperture,  at  the  posterior  extremity  of  the 
recessus  sulciformis,  runs  for  a  little  distance  upvxird,  in- 
ward, and  backward ;  then,  forming  a  curve,  passes  down- 
ward, inward,  and  backward,  becomes  much  wider,  and 
terminates  near  the  middle  of  the  posterior  surface  of  the 
petrous  process,  in  a  narrow  aperture  or  slit  which  has 
been  abeady  described.  (61)  Besides  these  principal 
apertures,  the  inner  wall  of  the  vestibule  presents  many 
small  pores  for  the  transmission  of  nervous  filaments.* 
These  pores  are  so  numerous  at  the  anterior  and  in- 
ferior part  of  the  inner  wall,  as  to  give  it  a  cribriform 
appearance.  Hence  the  name  macula  cribrosa,  which  has 
been  appHed  to  tliis  part  of  the  wall  of  the  vestibule. 

OF  THE  PTJLVIS  VESTIBULAEIS. 

164.  This  is  a  calcareous  powder  contained  in  the  two 
membranous  saccules  which  occupy,  in  the  recent  subject, 
the  two  foss[B  of  the  vestibule.  It  appears  to  be  the 
vestige,  in  mammalia,  of  certain  concretions  of  consider- 
able size  and  regular  shape,  found  in  the  labyrinths  of 
fishes.  It  is  called  otoconia  (iroy  kouls,  auris  pulvis)  by 
its  discoverer,  M.  Breschet ;  who  attributes  to  it  the 
function  of  reinforcing  the  sonorous  vibrations  of  the 
fluid,  contained  in  the  membranous  sacs  of  the  vestibule. 

or  THE  SEMICIRCULAR  CANALS. 

155.  These  are  three  curved  tubes,  situated  behind  the 
vestibule,  into  which  they  open  by  both  extremities.  One 
is  horizontal,  the  other  two  are  vertical.  Of  the  two 
vertical,  one  is  superior,  and  has  its  convexity  directed 
upward  ;  the  other  is  posterior,  and  has  its  convexity 
directed  backward.  The  inner  leg  of  the  superior-vortical, 
and  tlie  upper  leg  of  the  posterior-vertical,  unite  about 
two  lines  before  their  termination,  to  form  a  common 


*  Eamifications  of  tho  acoustic  nerve. 
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canal  wticli  opens  by  a  single  aperture  at  tlie  inner  and 
back  part  of  the  roof  of  the  vestibule.  Each  of  the  four 
remaining  legs  of  the  semicircular  canals  open  into  the 
vestibule  "by  a  separate  aperture. 

The  guperior-vertical,  which  stands  erect,  like  a  bridge, 
over  the  vestibule,  in  a  plane  parallel  to  its  posterior 
wall,  commences  internally  in  the  roof  of  the  vestibule,  at 
the  common  orifice  just  described,  ascends  a  little,  then 
curves  transversely  outward,  and  again  descending  per- 
forates the  roof  of  the  vestibule  at  its  posterior  and 
external  part.    The  summit  of  this  canal  forms  an  emi- 
nence on  the  anterior  surface  of  the  petrous  process ;  as  we 
have  already  observed  in  the  description  of  the. temporal 
bone.  (61)    The  posterior-vertical,  which  projects  from 
the  back  of  the  vestibule  in  a  plane  parallel  to  its  inner 
wall,  commences  by  the  common  canal  before  mentioned, 
first  passes  horizontally  backward,  then  curves  down- 
ward, and  then,  running  forward  and  upward,  re-enters 
the  vestibule  by  an  aperture  in  the  posterior  wall,  situated 
vertically  below  the  point  from  which  it  set  out.  _  The 
jiorizontal,  which  projects  from  the  back  of  the  vestibule 
in  a  plane  parallel  to  its  floor  and  roof,  but  nearer  to  the 
latter  than  to  the  former,  commences  internally  by  an 
orifice  in  the  posterior  wall,  situated  between  the  two 
apertures  of  the  posterior-vertical  canal  {i.e.  the  common 
oriice  above,  and  the  proper  orifice  of  the  posterior-ver- 
tical below).    From  this  point  it  runs  backward  a  little 
way,  curves  horizontally  outward,  and  then  bending  for- 
ward, opens  again  into  the  vestibule  by  an  aperture  in  its 
posterior  waU,  situated  just  below  the  outer  orifice  of  the 
superior-vertical  canal. 

lo6.  Thus,  of  the  five  apertures  by  which  the  semicir- 
cular canals  open  into  the  back  part  of  the  vestibule, 
three  are  situated  internally,  one  above  the  other ;  two 
externally,  in  a  similar  relative  position.  The  three 
inner  orifices,  enumerated  from  above  downward,  are  : 
l.?t,  the  orifice  common  to  the  two  vertical ;  2ndly,  the 
internal  orifice  of  the  horizontal  ;  3rdly,  the  inferior 
orifice  of  the  posterior-vertical.  The  two  outer  orifices, 
enumerated  frorn  above  downward,  are  :  1st,  the  outer 
orifice  of  the  superior-vertical ;  •2ndly,  the  outer  orifice  of 
the  horizontal.* 


*  The  s^micirrmlar  Cfxr.;  not,  strictly  Bi)cakii]fr,  tlio  prnciso 

directions  here  described.    Tbua  Iho  superior-vertical  is  uot  exactly 
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157.  Each  of  these  canals  j)vesents  at  one  extremity 
a  slight  dilatation,  called  an  amindla.  The  inner  ex- 
tremity of  the  horizontal  canal,  and  the  short  canal 
common  to  the  two  vertical,  are  not  dilated  ;  the  other 
three  extremities  present  ampullaa.  lu  the  order  of 
length,  beginning  with  tlie  longest,  they  run  thus  :  pos- 
terior-vertical, superior-vertical,  horizontal.  The  great 
superiority  in  length  of  the  posterior-vertical  is  occa- 
sioned by  its  describing  in  its  course  a  larger  portion  of 
a  circle  than  the  others.  Each  of  these  canals  is  formed 
of  a  compact  smooth  lamina,  embedded  in  the  reticular 
tissue. 

OF  THE  COCHLEA. 

158,  It  is  impossible  to  foi-m  a  correct  idea  of  the 
cochlea  without  actual  inspection  of  the  cavity  itself.  It 
is  of  a  pyramidal  form,  and  may  be  described  in  general 
terms  to  consist  of  a  plate  which  forms  the  base  of  the 
pyramid ;  of  an  axis  called  the  mofliolus,  which  rises  jjer- 
pendicularly  from  the  centre  of  that  plate ;  of  a  conical 
tube  spirally  wound  round  that  axis  for  two  turns  and  a 
half;  and  of  a  delicate  lamina,  called  the  lamina  spiralis, 
which  is  contained  within  that  tube,  follows  its  windings, 
and  divides  it  into  two  unequal  parts,  called  the  two  scalce 
of  the  cochlea.  In  the  adult  bone,  however,  the  outer 
surface  of  the  conical  tube  is  continuous  with  the  surround- 
ing osseous  tissue,  so  that  the  cochlea  has  the  appearance 
of°a  spiral  excavation  in  the  substance  of  the  petrous 
process,  rather  than  of  a  spiral  tuhe.  ^  "We  shall  conclude 
this  rough  outline  of  the  cochlea  with  the  observation, 
that  the  pyramid,  or  cone,  which  it  forms,  does  not  stand 
upright  on  its  base  within  the  petrous  process,  but  has  a 
position  rather  resembling  that  of  a  sugar-loaf  laid  on  its 
side  ;   so  that  the  plate  which  forms  the  base  of  the 


transverse,  nor  perfectly  upright,  its  outer  leg  being  anterior,  and  a 
little  superior,  to  its  inner.  Again,  tbe  posterior- vertical  inclines 
downward  and  outward,  and  tbe  horizontal  downward  and  inward. 
The  curve  of  tbe  foimer  is  in  a  plane  at  right  angles  to  the  axis  of 
the  petrous  process;  the  curves  of  the  two  latter  are  in  planes 
parallel  to  that  axis.  Until,  however,  tho  purpose  and  meaning  of 
the  relative  situation  of  these  canals  is  ascertained,  tbe  student  will 
perhaps  be  wise  to  spare  bis  memory  tbe  burden  of  these  miuutise. 
An  ultra-precision  in  mere  details  is  not  only  useless  and  trilling  id 
itself,  but  occupies  time  and  thought  which  might  have  been  more 
profitably  employed. 
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rUea.  is  placed  on  its  edge  vertically ;  tlie  modiolus  pro- 
ects  horizontallv  outwards;  and  the  scalis,  instead  of 
leading',  like  winding  staircases,  from  below  iipward,  lead, 
in  consequence  of  this  horizontal  position  of  the  modiolus 
n.ond  which  they  turn,  from  within  outward.    We  shall 
next  describe,  more  minutely,  these  several  parts. 
1.59.  Base  of  tue  Cochlea.     Formed  by  a  plate  of 
.ne'  standing  nearly  vertically  within  the  petrous  pro- 
•^3,  but  so  inchned  that  its  inner  surface  looks  inward, 
ickward,  and  a  little  upward,  its  outer  surface  m  the 
•  posite  direction.    As  the  membrana  tympani  at  the 
-.■me  time  closes  the  inner  extremity  of  the  meatus  audi- 
torius  extemus,  and  forms  the  outer  wall  of  the  tympa- 
num ;  so  does  this  plate,  interposed  in  a  similar  manner 
between  the  meatus  auditorius  extemus  and  the  labyrinth, 
close  the  former,  and  also  constitute  the  inner  wall  of  the 
latter ;  its  inner  surface  being  seen  when  we  look  mto 
the  meatus,  and  its  outer  surface  appearing  withm  the 
cochlea  and  vestibule.    It  is  important  that  the  student 
should  clearly  understand  this  relation,  because  branches 
of  an  important  nerve  pass  through  this  plate,  fi-om 
the  meatus  auditorius   internus  into  the  cochlea  and 
vestibule. 

160.  Modiolus.    A  bony  axis,  which  arises,  by  a  broad 
base,  from  the  centre  of  the  last  described  plate,  runs 
outward,  forward,  a  Uttle  downward,  becoming  narrower, 
and  terminates  at  the  apex  of  the  cochlea,  in  an  expanded 
summit,  resembling  a  funnel,  and  called  the  infundi- 
hnlum.    Its  base  is  hollow ;  and  the  cavity  appears  as  a 
little  depression  at  the  bottom  of  the  internal  auditory 
canal.    The  modiolus  is  traversed  by  a  number  of  minute 
canals,  which  open  upon  its  surface  by  little  pores,  and 
transmit  filaments  of  a  nerve,*  which  enters  the  cavity  of 
its  base,  from  the  meatus  internus.    The  infundUndimi, 
into  which  it  expands,  lodges  the  terminal  branch  of  the 
same  nerve.    This  Uttle  cavity  is  deficient  at  its  upper 
part,  so  that  it  resembles  the  half  of  a  funnel  divided  bjr 
a  longitudinal  section.  It  is  covered  by  the  rounded  summit 
of  the  cochlea ;  a  part  which  from  its  form  and  situation 
has  b<;en  named  the  cupola.    (The  student  must  bear  in 
mind  that  the  summit  of  the  pyramid  formed  by  the 
cochlea,  is  directed,  not  upwards,  but  outwards.) 


•  The  cochlear  branch  of  the  acoustic  nervo. 
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161.  Lamina  Spiralis.  A  tbin  plate  of  bone  wound 
spirally  round  the  modiolus  for  about  two  turns ;  it  com- 
mences between  the  tympanine  and  vestibular  openings 
of  the  cochlea,  becomes  gradually  narrower  as  it  pursues 
its  winding  course,  and  terminates  in  a  little  hmmdofr 
process  just  where  the  expansion  of  the  inf  udiljulum  com- 
mences. It  contributes  to  form  a  septum  which  divides 
the  spiral  cavity  of  the  cochlea  into  two  unequal  parts. 
This  septum,  however,  is  not  perfect  in  the  dry  bone. 
That  part  which  is  attached  to  the  wall  of  the  cochlea,  is 
membranous,  and  disappears  during  maceration.  It  ia 
only  the  half  which  is  connected  with  the  axis,  that  is 
formed  of  bone.  The  membranous  portion  contiuues 
from  the  hamular  process  to  the  summit,  or  cuj^ola,  of  the 
cochlea ;  so  that  the  septum  of  the  last  haK  turn  of  the 
cochlea  is  entirely  membranous.  This  membranous 
septum,  in  turning  round  the  demi-infundibulum,  adheres 
to  its  inferior  convex  aspect,  but  presents  a  free  margia 
to  its  concavity.  This  free  margin  is  curved,  so  that  with 
the  concavity  of  the  infundibulum  it  forms  a  round  aper- 
ture, through  which  the  two  scalas  communicate  with 
each  other.  The  lamina  spiralis  is  formed  of  two  lameUse, 
between  which  are  numerous  fine  canals  for  the  transmis- 
sion of  nervous  filaments. 

162.  ScAL.JE  OP  THE  CocHiEA.  One  is  external  and 
smaller,  and  opens  freely  into  the  vestibiJe  by  an  oval 
aperture,  situated  just  below  the  fenestra  ovalis  ;  the 
other  is  internal ;  it  would  communicate  with  the  tympa- 
num by  the  fenestra  rotunda  (or,  as  it  ought  rather  to  be 
called,  the  fenestra  triangularis),  were  not  that  aperture 
closed  in  the  recent  state  by  its  membrane.  Hence  the 
external  is  called  the  scula  vestibnli,  the  internal  the  scala 
tyynpani.  They  communicate  with  each  other,  near  the 
summit  of  the  cochlea,  by  the  aperture  formed  between 
the  cavity  of  the  demi-infundibulum  and  the  mem- 
branous portion  of  the  septum.  The  surface  of  the 
lamina  spiralis  which  corresponds  to  the  scala  tympani, 
is  roucrh  ;  whereas  the  surface,  which  corresponds  to  the 
scala  vestibuU,  is  smooth,  and  marked  with  slight  trans- 
verse striae.*  The  scalas  gradually  contract  from  their 
commencement  to  their  termination. 

163.  Aqueddctus  Cocule.-k.  A  minute  canal,  which 
commences  in  the  scala  tympani,  by  a  little  aperture, 


*  These  cannot  bo  distinguished  without  a  magnifying-glasa. 
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-ituate  anterior  and  internal  to  the  fenestra  rotunda,  and 
:rom  tht-nce  runs  downward,  forward,  and  inward,  in- 
creasing in  size  as  it  descends,  to  terminate  in  an  expanded 
■  iangular  orifice,  on  the  lower  suri'ace  of  the  petrous 
jrtion.  close  to  its  posterior  border,  and  just  in  front  of 
:he  jugular  fossa.    This  canal  varies  in  size  in  diiferent 
::i'.lividuals,  and  is  said  to  be  sometimes  altogether  want- 
iiiT.    When  present  it  transmits  a  minute  vein. 

OF  THE  MEATUS  AUDITOBIUS  INTESNUS. 

164.  This  is  a  straight  canal,  shorter  and  smaller  than 
the  external  meatus,  leading  from  the  interior  of  the 
stull  to  the  labyrinth.  Its  inner  extremity,  which  is  oval 
and  somewhat  expanded,  opens  nearly  in  the  middle  of 
the  posterior  surface  of  the  petrous  portion.  The  canal 
runs  from  this  point  directly  outward,  and,  after  a  course 
of  about  four  lines  in  the  adult,  reaches  a  vertical  plate 
•which  closes  its  extremity.  This  plate  is  divided  into 
two  unequal  portions  by  a  horizontal  crest ;  the  upfer 
and  smaller  portion  is  perforated  posteriorly  by  small 
pores,  which  open  on  the  inner  wall  of  the  vestibule,  and 
transmit  nervous  filaments  into  that  cavity  ;  in  front,  it 
presents  an  orifice  of  considerable  size,  of  which  we  shall 
presently  speak.  The  lov:er  portion  corresponds,  in  front, 
to  the  cochlea,  and  presents  the  cavity  of  the  modiolus ; 
posteriorly  it  is  cribriform,  and  corresponds  to  that  por- 
tion of  the  inner  wall  of  the  vestibule  which  is  called  the 
tnaada  crihrosa.  (153)  All  the  pores  in  this  plate  trans- 
mit filaments  of  the  nerve  of  hearing. 

The  orifice  just  mentioned  is  the  commencement  of  the 
aquedudus  Fallopii.  The  course  of  this  canal  is  not 
easily  explained.  To  facilitate  its  description  we  shall 
trace  it  in  a  reverse  direction,  from  its  termination  in  the 
stylorca.stoid  foramen,  to  its  commencement  in  the  meatus 
anditorius  intemus.  From  the  stylomastoid  foramen  it 
paa.ses  vertically  upward,  forming  an  eminence  on  the 
pOHterioT  wall  of  the  tympanum  behind  the  fenestra 
ovali.H  ;  then,  making  a  bend,  it  runs  for^vard  and  a  little 
upward,  forming  an  eminence  on  the  internal  wall  above 
the  fenestra  ovalis ;  and  finally  it  disappears  from  the 
tympanum.  After  leaving  the  inner  wall  of  the  tym- 
pannrn,  it  continues  to  run  forvjard  for  about  a  hue; 
and  then,  l.wrnin'i  oi  an  acvic  awjln,  runs  inward  and  a 
little  haxkvyard  to  terminate  in  the  meatus  auditoriua  in- 
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termis.  The  exact  situation  of  the  shai-jD  angle  which  it 
thus  forms,  may  be  readily  pointed  out,  even  in  an  un- 
dissected  bone ;  it  is  immediately  beneath  the  anterior 
surface  of  the  petrous  j^ortion,  and  about  two  lines  behind 
the  aperture  of  the  Jdutm  Fallopii,  (61)  which  canal  opens 
into  the  aqundndus  Fallopii  just  at  this  angle.  The 
aqueductus  Fallopii,  therefore,  may  be  shortly  described 
as  a  canal,  which  runs  from  the  outer  extremity  of  the 
meatus  internus  to  the  stylomastoid  foramen,  making  in 
this  course  two  remarkable  bends  ;  the  first,  which  is  very 
abrupt  and  angular,  being  in  a  horizontal  plane,  close 
under  the  anterior  surface  of  the  petrous  process  ;  the 
second,  which  is  gradual  and  rounded,  being  in  the  verti- 
cal plane  of  the  inner  wall  of  the  tympanum.  It  is  at 
the  first  sharp  angle,  that  the  Idatus  Fallopii  joins  the 
aqiiediidus  Fallopii.  Each  of  these  canals  transmits  a 
nerve.* 

165.  Uses.  Our  knowledge  of  the  uses  of  the  curious 
apparatus  that  has  just  been  described  is  very  imperfect, 
and  chiefly  conjectural.  The  auricle,  or  external  e;u-,  col- 
lects, and  the  meatus  auditorius  externus  transmits  to 
the  membrana  tympani,  the  sonorous  undulations  of  the 
air.  The  substance  of  the  atiricle  itself  likewise  enters 
into  sonorous  vibrations,  which  are  jDropagated  along  the 
cartilaginous  lining  of  the  meatus  externus  to  the  mem- 
brana tympani.  The  vibrations  of  this  membrane  travel, 
partly  along  the  jointed  lever  formed  by  the  ossicula 
auditus,  partly  through  the  air  in  the  tympanum,  to  the 
membranes  of  the  oval  and  round  foramina.  From  those 
membranes  the  undulations  are  communicated  to  the 
liquid  that  fills  the  labyrinth  ;  and,  through  this  medium, 
tliey  reach  the  membranous  saccules  and  tubes  that 
float  in  the  liquid  of  the  vestibule  and  semicircular 
canals,  and  the  membranous  portion  of  the  septum  which 
separates  the  scalte  of  the  cochlea.  These  membranous 
parts  receive  the  ramifications  of  the  acoustic  nerve ;  by 
which  the  impressionsof  sound  are  transmitted  tn  the  brain. 

The  Eustachian  tube  admits  fresh  air  from  the  pharynx 


*  The  aqueductus  Fallopii  trausmits  the  fnciiil  nerve,  or  portio 
dura  of  the  seventh  pair.  The  h!ali,.f  Fallopii  tniiipmits  the  eniuml 
brauch  of  the  vidian,  or  uervous  petrosus  .Miperiiciiilis  niMjor.  I  rora 
the  hiatus  Fallopii  this  uerve  passes  nito  Ihe  aqiirdurtDS  F.-illopii, 
and  mixes  its  fibres  with  those  of  the  facial.  It  is  from  this  com- 
pound nerve  that  tho  chorda  tympani  is  reflected. 
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to  the  tympanum ;  equalizes,  under  every  variation  of 
temperature,  the  atmospheric  pressure  ou  the  opposite 
surfaces  of  the  membrana  tympani  ;  and,  by  permitting 
the  in>:'res3  and  egress  of  the  air,  enables  that  membrane 
to  vibrate  freely.  In  its  latter  function  it  resembles 
the  sound-hole  of  a  drum  ;  and  the  deafness,  which  re- 
sults from  the  obstruction,  may  sometimes  be  relieved 
by  perforating  the  membrana  tympani,  or  the  mastoid 

^'^It^is' probable  that  the  mastoid  cells  reinforce,  by  re- 
sonance, the  sonorous  undulations  of  the  air  in  the  tym- 
panum ;  and  that  the  series  of  ossicula,  acted  upon  by 
their  proper  muscles,  adapt  the  tension  of  the  tympamne 
membranes  to  the  varying  intensity  of  sounds,  as  the 
iris  adapts  the  eye  to  the  varying  intensity  of  light.  A 
conjecture  has  been  hazarded  (among  many  others)  that 
the  semicircular  canals  may  be  designed  to  inform  us  of 
the  direction  of  sounds,  and  the  cochlea  to  ascertain  their 
musical  relations.  With  regard  to  the  former,  it  is  curious 
that  they  are  trumpet-shaped  tubes,  whose  smaller  ends 
are  all  situated  opposite  the  membrana  fenestrte  ovalis  ; 
and  whose  dilated  extremities  are  most  abundantly  sup- 
plied with  filaments  of  the  acoustic  nerve.    With  regard 
to  the  latter,  it  is  remarkable  that  the  membranous  por- 
tion of  the  septum  grows  gradually  wider  as  it  approaches 
the  infundibuluni,  and  that  the  nervous  filaments  which 
supply  it,  pass  across  it  at  regular  intervals,  successively 
increasrag  in  length  as  it  increases  in  width ;  and  pre- 
senting in  this  respect,  a  striking  resemblance  to  the 
series  of  strings  in  a  harp.  Upon  such  analogies  as  these, 
however,  little  dependence  is  to  be  placed ;  they  are  use- 
ful a.s  stimulants  to  curiosity,  but  often  very  fallacious 
guides  of  research. 


CHAPTER  III. 

OF     THE  THORAX. 

166.  TfiE  thorax  or  chest  is  a  sort  of  osseous  cage, 
composed  of  bones  and  cartilages,  and  connected  with 
the  middle  region  of  the  spine.  It  is  the  largest  of  the 
three- great  cavities  of  the  skeleton;  anfl  it  is  formed  by 
the  sterriarn  in  front,  by  the  dorsal  vertebra;  behind,  and 
by  twelve  ribs  and  twelve  costal  cartilages  on  each  side. 
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Tke  dorsal  vertebraa  having  been  already  examined,  it  re- 
mains for  lis  in  this  section  to  consider  the  sternum,  ribs, 
and  costal  cartilages,  and  to  take  a  general  review  of  the 
entire  cavity. 

OF  THE  STERNUM. 

167.  The  sternum  is  a  flattened  column,  consisting  of 
five  bones,  and  an  osseo-cartilaginous  appendage.  The 
uppermost  of  the  five  bones  remains  separate  during  the 
whole  term  of  life ;  the  other  four  unite  with  each  other 
successively,  and  at  the  age  of  25  form  but  a  single  piece  ; 
the  osseo-cartilaginous  apj^endix  remains  flexible  at  its 
joint  with  the  bone  to  a  late  age  ;  so  that,  in  the  adult, 
the  sternum  consists  of  three  portions.  Each  of  these, 
after  a  few  preliminary  observations,  we  shall  describe 
separately ;  reserving  for  the  sequel  our  review  of  the 
sternum  in  geueral.  The  sternal  column  is  situated  in 
the  median  line  of  the  body,  at  the  anterior  part  of  the 
chest.  In  its  form  it  reminds  one  of  an  ancient  sword, 
the  upper  piece  resembling  the  handle,  and  being  conse- 
quently called  the  mawibrium ;  the  middle  representing 
the  principal  portion  of  the  blade,  and  hence  called  the 
gladiolus;  while  the  osseo-cartilaginous  portion  (though 
it  presents  many  variations  of  form  in  different  individuals) 
frequently  comes  to  a  sharp  point,  like  the  tip  of  the 
sword,  and  consequently  takes  the  name  of  the  ensiform, 
or  xiplioicl  appendix. 

168.  Manubrium.  This  is  a  short,  flat  bone,  of  a  some- 
what triangular  form,  with  its  base,  which  is  the  thickest 
part,  directed  ujjward,  and  its  apex,  which  is  truncated, 
pointing  downward.  It  presents  for  examination  two 
surfaces  and  four  liorders. 

169.  Surfaces.  Anterior.  Directed  forward  and  up- 
ward, concave  from  above  downward,  convex  from  side  to 
side,  and  wider  above  than  below.  It  gives  origin  to  the 
aponeurosis  of  two  muscles.*  Posterior.  Directed  back- 
ward and  downward,  smooth,  concave  in  the  vertical,  and 
plane  in  the  transverse  du-ection.  It  also  attaches  two 
muscles.f  . 

*  Stei-uo-clcido-mastoideus,  and  portio  deprimcns  of  the  pecto- 
ralis  major.  (For  an  account  of  tbo  phj'siologioal  distinction 
implied  in  tUe  latter  name,  see  the  author's  "  Pliysiological  Obsor- 
v.atious  on  Several  Muscles  of  the  Upper  Extremity."  rial.  Mag. 
June  183().)  t  Steruo-byoid  and  steruo-tbyoid. 
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170.  Borders.  Upper.  The  longest  and  mncli  the 
thickest  of  the  fonr.  It  presents  on  each  side  an  oval 
articular  surface,  directed  iipward,  backward,  and  out- 
ward, concave  from  side  to  side,  convex  from  before  back- 
ward, and  designed  for  articulation  with  the  clavicle. 
Between  these  two  siirfaces  there  is  a  curved  non-articular 
depression,  called  the  interdavicidar  notch.  Lower.  This 
border  is  thick  but  short,  it  presents  an  oval  rough^  sur- 
face, which  is  connected  to  the  upper  border  of_  the 
gladiolus  bv  the  kind  of  joint  called  am  phi  arthrosis,  or 
mised  articulation.  (See  Table  of  the  Joints,  p.  8.)  The 
anchylosis  of  this  joint  which  frequently  comes  on  in  old 
a^e,  results  from  the  deposition  of  a  thin  osseous  layer 
externally ;  the  cartilage  almost  always  remains  fibrous 
and  flexible  in  the  middle.  Lateral.  These  borders  slope 
from  above  downward  and  inward ;  iwsent,  superiorly,  a 
concave  surface  into  which  the  fibres  of  the  first  costal 
cartilage  are  inserted ;  below  this  a  thick  curved  edge ; 
and  below  this  again,  just  at  the  angle  where  the  lateral 
joins  the  inferior  border,  a  little  concave  articular  facet, 
which,  with  another  similar  facet  formed  at  the  upper 
comer  of  the  second  sternal  bone,  forms  a  notch  for  the 
reception  of  the  second  costal  cartilage.  The  manubririm 
therefore  articulates,  on  each  side,  with  the  clavicle,  with 
lae  first  costal  cartilage,  and  with  the  upper  half  of  the 

171.  GLADiOLrs.  This  portion  of  the  sternum  is  longer, 
narrower,  and  thinner  than  the  manubrium,  on  which,  in 
youth  and  midflle  age,  it  is  slightly  moveable.  Jt  is  wider 
below  than  above,  and  presents  for  examination  two  sur- 
faces and  four  horders. 

172.  Surfaces.  Anterior.  Dii-ected  forward  and  up- 
ward, and  marked  with  three  transverse  ridges,  which 
indicate  the  junction  of  the  four  bones  of  which  this  por- 
tion of  the  sternum  originally  consisted.  The  surface 
that  lies  between  any  two  of  these  ridges  is  concave  from 
above  dowTiward,  and  plane,  or  very  slightly  convex  from 
side  to  side.  At  the  junction  of  the  third  and  fourth 
piece  of  the  gladiolus,  there  sometimes  appears  the  orifice 
of  a  hole  called  the  sternal  foramen,  which  passes  through 
the  bone  from  before  backwards.  This  hole  is  very 
variable  in  .size,  sometimes  open,  but  usnally  closed  by  a 
mernbrariiforrn  cartilage.  The  anterior  surface  is  covered 
by  the  skin,  and  by  a  muscular  aponeurosis  to  which  it 
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gives  insertion*  Posterior.  Slightly  concave  both  from 
side  to  side,  and  from  above  downward.  It  is  marked  by- 
transverse  ridges,  corresponding  in  position  to  those  of 
the  anterior  surface,  but  less  prominent.  It  gives  attach- 
ment to  a  pair  of  niuscles,t  and  sometimes  presents  at  its 
lower  i^art  the  posterior  orifice  of  the  sterntd  foramen. 

173.  BottDEKS.  Upper.  Short,  thick,  and  connected  by 
a  fibi-o-cartilaginons  or  mnpliiarthrodial  joint  with  the 
lower  border  of  the  manubrium.  Loiver.  Short,  and 
articulated  by  amphiarthrosis  with  the  ensiform  appendix. 
Lateral.  These  borders  are  by  far  the  longest.  Each 
presents,  just  where  it  joins  the  upper  border,  a  little 
facet,  which  combines  with  the  similar  facet  of  the  manu- 
brium, to  form  a  cavity  for  the  cartilage  of  the  second 
rib.  This  facet  is  succeeded  by  a  series  of  shallow  ca\aties 
for  the  third,  fourth,  iff th,  and  sixth  costal  cartilages; 
and  quite  at  its  lower  end,  where  it  joins  the  inferior 
border,  this  border  j^resents  a  little  facet  which,  with  a 
corresponding  one  on  the  ensiform  appendix,  forms  a 
notch  for  the  reception  of  the  seventh  costal  cartilage. 
So  that  the  gladiolus  articulates  with  the  third,  foui-th.  fifth, 
and  sixth  costal  cartilages,  and  with  part  of  the  second 
and  seventh.  These  cavities  are  separated  by  intervals, 
which  diminish  in  length  from  above  downward — the 
cavities  for  the  second  and  third  costal  cartilages  being 
an  inch  from  each  other  ;  those  for  the  fifth  and  sixth 
ribs  about  half  an  inch  apart,  while  those  for  the  sixth 
and  seventh  are  a  quarter,  sometimes  not  more  than 
an  eighth  of  an  inch  apart,  and  in  many  instances 
quite  contiguous.  These  intervals,  which  are  curved,  so 
as  to  present  the  appearances  of  semilunar  notches,  cor- 
respond to  the  intercostal  spaces.  It  will  be  obsei-ved, 
that  each  horizontal  transverse  line  corresponds  to  a  pair 
of  the  articular  depressions,  extending  from  the  middle  of 
one  to  the  corresponding  pioint  on  the  opposite  side.  Each 
articular  depression  is  therefore  formed  between  two  of 
the  pieces  of  which  the  sternal  column  originally  consists. 
This  is  one  of  those  points  of  analogy  between  the  sternal 
and  vertebral  columns  which  we  shall  have  occasion 
to  notice  more  particulaidy  in  our  general  review  of  the 
skeleton. 

174.  Ensipokm  or  Xiphoid  ArrENDEX.  This  process  is 


*  Belonging  to  the  portio  dqrrimois  of  tlie  pectoralis  major.  (See 
note     page  132.)  f  The  triaugulares  steriii. 
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oartilac^inoiis  in  youth,  but  generally  more  or  less  ossified 
at  its  upper  part  in  the  adult.  It  is  continuous  above 
with  the  lower  extremity  of  the  gladiolus  below  with  a 
nron-  white  aponeurotic  ligament  *  which  descends 
^aon-"the  middle  of  the  anterior  wall  ol  the  abdommal 
'"■ivit\  and  is  inserted  below  into  the  pabes.  The  ensi- 
form^appencUx  presents  many  varieties  of  size,  form,  and 
direction  It  may  be  long  or  short,  curved  or  straight, 
.imple  or  bifurcated,  situated  vertically  m  the  mecban 
plane,  or  deflected  to  one  side.  It  sometimes  presents  a 
hole,  and  is  occasionally  altogether  deficient.  It  gives 
attachment  by  its  anterior  surface  to  a  hgament  f  by  its 
posterior  surface  to  some  muscular  iibres  t  and  by  its 
lateral  borders  to  strong  aponeuroses.^  On  each  side  of 
the  border  by  which  it  joins  the  gladiolus,  it  presents  a 
facet  that  completes  the  notch  for  the  seventh  costal 

cartilage.^^  sternal  column,  viewed  as  a  whole  is  a  wide 
fiat  s%-mmetrical  bone,  forming  a  sort  of  buckler  to  .he 
organs  contained  in  the  chest.  It  has  a  slight  general 
convexity  in  front,  and  concavity  behind.  In  the  natural 
T,o=^ition,  its  anterior  surface  looks  forward  and  upward, 
Ld  its  posterior  surface  in  the  opposite  direction.  Its 
lateral  Ix.rders  are  sinuous,  each  presenting  seven 
articular  and  six  inter-articular  depressions.  The  surface 
of  the  first  articular  cavity  is  generally  continuous  with 
the  fibres  of  the  first  costal  cartilage  :  the  other  six 
cavities  form  diarthrodial  joints  with  the  cartilages 
which  they  respectively  receive.  The  sternum  is  shoi-ter, 
and  more  obliquely  placed  in  the  female  than  in  the 

^"llh  Structl-re.  Yery  spongy  and  cellular  within, 
well  .supplied  with  blood-vessels,  and  covered  externaUy 
with  a  layer  of  compact  tissue.  _  . 

Devei/jpmest.  The  number  and  position  of  the  ossifac 
points  of  this  bone  are  exceedingly  irregular.  The  manu- 
brium is  developed,  sometimes  by  one  central,  sometimes 
by  two  lateral  pointH  ;  and  in  a  few  rare  instances  even 
by  three  or  four  points.  The  gladiolus  is  developed  m 
four  pieces,  each  having  sometimes  one  central,  sometimes 
two  lateral  ossific  points.    The  appendix  ossifies  by  one 

«  Linea  alU.  t  Costo-xiphoid. 

t  Of  the  diaphragm  and  triangul.ares  sterui. 
5  Of  the  abdominal  muscles. 
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points  situated  at  its  upper  part.  Akticulatiovs 
With  the  two  clavicles,  and  with  seven  pau-s  of  costai 
cartilages. 

OP  TEE  RIBS. 

177.  The  ribs,  with  their  cartilages,  are  elastic  arcs 
encompassing  the  cavity  of  the  thorax,  which  they  prin- 
cipally contribute  to  form.     They  are  twenty-four  in 
number,  being  situated  in  pairs,  twelve  on  each  side  of 
the  chest.*    They  are  distinguished  by  numerical  appel- 
lations; 1st,  2nd,  3rd,  &c.,  counting  from  above  down- 
ward.   They  are  divided  into  three  classes,  which  differ 
as  to  the  connexions  of  their  extremities,  and  are  best 
distinguished  by  names  expressive  of  this  difference.  The 
seven  upper  ribs  on  each  side  are  articulated  with  the 
vertebral  column  behind,  with  the  sternal  column  in 
front.    These  are,  therefore,  called  the  vertebrosternal 
nbs.    The  three  succeeding  ribs  on  each  side— viz.,  the 
8th,  9th,  and  10th,  are  articulated  with  the  verteljral 
column  behind;   but  falling  short  of  the  sternum  in 
fi-ont,  they  attach  their  anterior  extremities,  each  to  the 
cartilage  of  the  rib  above.    These  are,  consequently,  de- 
nominated vertehro-costal  ribs.    The  two  remaining  ribs 
on  each  side— viz.,  the  11th  and  12th,  are  articulated  to 
the  vertebral  column  behind  ;  but  their  anterior  extremi- 
ties float  loose  among  the  muscles.    These,  therefore,  are 
simply  vertebral  ribs.  The  first  class  are  commonly  called 
the  true,  and  the  3rd  class  the  false,  or  floating  ribs.  But 
the  term  false  is  also  aj^plied  to  the  '2nd  class ;  which 
have  hitherto  had  no  particular  appellation.    To  obviate 
the  indistinctness  arising  from  this  circumstance,  I  have 
given  them  a  name  derived,  like  the  denominations  of  the 
other  classes,  from  the  relations  of  their  extremities.  The 
severa,!  ribs  in  each  of  these  three  classes  present  further 
varieties  of  length,  shape,  direction,  and  articulation. 
But  before  entering  upon  these  particulars,  we  shall 
describe  certain  characteristics  which  are  liable  to  so  few 
individual  exceptions,  that  they  may  be  considered  as  be- 
longing to  the  ribs  in  general. 


*  A  supernumerary  rib  is  sometimes  developed  on  each  side,  in 
connexion  with  the  trausvei-se  process  eith(n-  of  the  last  cerriciil 
or  of  ttie  first  lumbar  vertebra.  More  rarely,  the  first  rib  ou  each 
side  is  deficient  in  front,  losing  itself  like  tlio  floating  ribs,  in  the 
Bubstauce  of  the  muscles. 
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178.  As  an  example  in  wliicli  to  study  these  general 
characters,  the  student  should  take  a  rib  from  the  middle 
of  the  series  ;  for  instance,  the  fifth  or  sixth,  and  place  it 
on  the  table  with  its  lower  edge  (which  is  distinguished 
by  its  sharpness)  downward.  Each  rib  joresents  for  sepa- 
rate examination  a  head,  a  neck,  and  a  hotly  or  sliaft. 

Head.  This  is  a  flattened  articular  tubercle,  in 
which  the  rib  terminates  behind.  It  presents  a  hori- 
zontal ridije,  separating  two  articular  facets.  These 
facets,  of  which  the  inferior  is  the  larger,  articulate  with 
the  costal  cavity  formed  by  the  bodies  of  two  dorsal  ver- 
tebra; ;  the  ridije  corresponding  to  the  intervertebral  fibro- 
cartilage,  and  gives  attachment  to  a  ligament.*  The  head 
is  joined  to  the  body  by  the  ISTECK.f  This  name  is  given  to 
a  portion  of  the  bone,  about  an  inch  long,  which  rests  upon 
the  transverse  process  of  the  lower  of  the  two  vertebrtB 
with  which  the  head  is  articulated,  and  gives  attachment 
below  to  a  Hgament.;j;  Body  or  Shaft.  This  is  the  remain- 
ing portion  of  the  rib.  It  is  flat  and  thin,  so  as  to  present 
two  surfaces  and  two  borders ;  and  curved,  so  as  to  be 
convex  externally  and  concave  within.  Its  outer  surface 
presents,  just  where  it  joins  the  neck,  an  eminence  called 
the  tv.herosity  of  the  rib.  This  eminence  is  divided  into 
two  parts  ;  an  articular  portion,  which  is  internal  and 
inferior  to  the  others,  looks  downward,  backward,  and 
inward,  and  unites  with  the  articular  surface  that  occiu's 
on  the  tran.sverse  process  of  the  dorsal  vertebra  below 
it — nr,n-aiii.cT.lar  portion,  which  is  rough,  and  gives 
attachment  to  a  ligament. §  At  a  Kttle  distance,  in  front 
of  the  tuberosity,  the  outer  surface  of  the  shaft  jDreseiits 
a  prominent  line,  which  passes  from  the  upper  edge 
obUquely  downward  and  forward  to  the  bone.  It  is  called 


*  Inter-articular, 
t  Crnveilhior,  Cloqu^t,  and  many  other  anatomists,  describe  the 
neck  as  a  r'/ntrarMd  portion  of  the  rib.  This  statement  requires 
some  modification,  I  think,  to  render  it  eon'ectas  a  general  descrip- 
tioti.  The  neck,  indeed,  i.s  almost  always  lUiiimr  than  the  sliaft; 
but  except  in  the  two  or  three  npper  ribs,  it  usually  exceeds  the 
adjacent  portion  of  the  shaft  in  width,  presenting  a  convex  riilge, 
which  has  all  the  appearance  of  a  buttress,  and  is  doubtless 
intended  to  strengthen  thi.i  portion  of  the  bone  in  the  vertical 
direotion. 

t  Middle  coato- transverse.  §  Posterior  costo-transvorso. 
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the  an(jle  of  tlie  rib,  and  gives  attachment  to  muscular 
fibres.*  The  portion  of  the  bone  behind  the  angle  is  the 
thickest  and  strongest  part  of  the  rib  ;  it  is  more  aljruptly 
curved  than  the  anterior  portion  ;  so  much  so,  indeed,  as 
to  give  the  articular  surface  of  the  head  a  direction 
fonvard,  as  well  as  inward.  The  rib  is  bent  in  two 
directions  at  its  angle.  Look  at  it  from  above  downward, 
and  you  see  that  the  posterior  extremity  is  bent  suddenly 
inward  here,  so  as  to  form  with  the  anterior  portion  an 
obtuse  angle,  apex  outward.  Again,  joress  the  lower 
edge  of  the  rib  upon  the  table,  and  you  obsei-ve  that  it 
lies  parallel  with  the  surface  from  the  anterior  end  to 
the  angle,  but  that  the  part  behind  the  angle  is  tilted 
up  so  as  to  form,  with  the  anterior  portion,  an  obtuse 
angle,  apex  downward.  Between  the  angle  and  the 
tuberosity  is  an  uneven  surface  for  the  attachment  of 
muscular  fibres.f  The  distance  between  the  angles  and 
the  tuberosity  gradually  increases,  and  this  surface  conse- 
quently becomes  more  extensive  from  the  first  to  the 
tenth  rib.  In  front  of  the  angle  the  outer  surface  is 
smooth ;  and  here,  also,  it  gives  attachment  to  muscles. 
In  addition  to  the  changes  of  direction  that  have  been 
already  mentioned,  the  rib  is  twisted  a  little  upon  its  own 
axis,  so  that  behind  the  angle  the  outer  surface  looks  a 
little  downward ;  in  front  of  the  angle  a  little  upward. 
The  outer  surface  presents  near  the  anterior  extremity 
a  slightly  marked  oblique  line,  sometimes  called  the 
anterior  angle.  Like  the  posterior  angle,  it  gives  attach- 
ment to  muscular  fibres.  The  inner  surface  of  a  rib 
presents  the  orifice  of  many  little  canals  which  transmit 
nutrient  vessels  ino  the  cancellous  tissue.^    It  is  smooth, 


*  For  the  names  of  tlie  muscles  attached  to  the  ribs  see  note  *, 
page  140. 

t  See  note  *,  page  140. 

X  I  have  observed  the  following  curioiis  circumstance  with 
regard  to  the  course  of  these  canals.  In  tlie  shaft  they  run,  with 
scarcely  a  single  exception,  toward  the  posterior  extremity  of  the 
rib.  lu  the  neighbourhood  of  the  tuberosity,  and  from  theuco  to 
the  posterior  extremity  of  the  bone,  uo  such  uniformity  of  direc- 
tion is  observed.  Some  of  the  vessels  plunge  perpendicularly  into 
the  bone ;  some  run  obliquely  forward ;  some  backward  ;  others 
in  v.arious  intermediate  directions.  I  have  placed  in  the  museum 
of  King's  College  some  preparations  illustrative  of  this  structm-e. 
Of  its  purpose  and  meaning  I  liavo  no  explanation  to  offer.  Why 
do  the  nutrient  arteries  of  the  shaft  run  uniformly  backward,  while 
the  intercostal  artery,  from  which  they  are  derived,  proceeds  in  the 
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■ad  looks  a  little- upward  at  and  behind  tlie  angle,  a 
little  downward  in  front  of  that  point.  The  iqoiJer  edge 
or'  a  rib  is  rounded  and  blunt,  and  gives  attachment  to 
■iiuscles.  The  lower  eilje  is  shai-p  and  thin ;  it  forms  the 
liter  lip  of  a  groove,  which  commences  at  the  tuberosity, 
and  runs  toward  the  anterior  extremity  of  the  rib.  This 
sroove  is  widest  and  deepest  at  the  angle ;  it  becomes 
shallower,  and  belongs  more  to  the  inner  surface,  as  it 
advances  beyond  that  point,  and  generally  disappears  at 
the  jtmction  of  the  anterior  and  middle  thirds  of  the 
bone.  It  lodges  vessels  and  nerves,*  and  by  each  of  its 
hps  dves  attachment  to  a  layer  of  muscular  fibres.f 

The  anterior  extremity  of  the  shaft  presents  a  porous, 
oval,  concave  surface,  for  the  reception  of  the  costal 
cartilage  with  which  it  is  intimately  connected..  The 
jjuiterior  extremity  of  the  shaft  is  continuous  with  the 
neck. 

180.  Stuuctube.  The  ribs,  which,_  as  to  their  form 
come  under  the  denomination  of  mixed  bones,  (3)  _  in 
-tmcture  resemble  the  cuboid  or  short  bones,  consisting 
jf  a  quantity  of  reticular  tissue,  enclosed  in  a  thin  compact 
layer.  This  outer  layer  generally  presents  a  laminated 
appearance,  as  if  it  were  composed  of  little  scales  over- 
lapping each  other.  Development.  By  three  points; 
one  for  the  body,  one  for  the  head,  and  three  for  the 
tuberosity.  The  two  latter  parts  are  developed  as  separate 
epiphyses,  which  remain  detached  up  to  the  age  of 
twenty,  or  even  twenty-five  years. 

There  are  several  ribs  which  present  deviations  from 
the  general  characteristics  that  have  just  been  given. 
These,  with  certain  gradations  in  size,  curvature,  and 
direction,  come  next  to  be  described  as 

THE  DlfFEaEXTIAL  CHABACTERS  OF  THE  RIBS. 

181.  The  ribs  increase  in  length,  from  the  first  to  the 
seventh  inclusive,  and  again  diminish  from  the  seventh 
to  the  la.st.    The  curvatures  of  the  ribs  become  segments 


opposite  direction  ?  And  again,  what  are  the  causes  wliieh  give 
nafl  to  so  striking  a  contrast  in  this  nsspect,  botweon  tho  shaft  on 
the  one  hand,  and  the  head,  neck,  and  tuberoBity,  on  tlio  other; 
rendering  unnecessary,  in  the  latter,  conditions  which,  from  their 
constancy,  we  may  infer  to  be  essential  to  the  former  ? 

•Intercostal.  t  lutercosUles  interui  aud  extcmi. 
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of  larger  circles,  as  we  ijroceed  from  the  first  downward. 
This  increase  is  most  remarkable  in  the  five  or  six  upper 
ribs.  The  first  is  neai-ly  horizontal;  the  others  become 
successively  more  and  more  inclined  on  the  vertebral 
column.  The  ribs  differ  also  as  to  the  muscles  to  which 
they  give  origin  and  insertion.*  The  first,  second,  tenth, 
eleventh,  and  twelfth  are  further  distinguishable  by  the 
following  peculiarities. 

182.  Fi  KST  RIB.  A  short,  stout  rib,  almost  horizontal 
when  in  the  natural  position,  and  very  aljruptly  curved. 
In  this  rib  the  surfaces  look  upward  and  downward,  and 
are  flat ;  while  the  edges  look  inward,  outward,  and  are 
curved ;  in  the  other  ribs  it  is  just  the  reverse.  The  head 
of  _  this  rib  is  round,  and  presents  only  a  single 
articular  surface,  to  correspond  with  the  entire  articular 
surface  on  the  body  of  the  first  dorsal  vertebra.  (19)  Its 
7iech  is  slender  and  rounded,  its  tuberosity  very  pi-ominent, 
and  placed  on  the  outer  border.  It  has  no  angle,  and  is 
not  twisted  on  its  axis ;  so  that  when  laid  on  a  table,  it 
touches  the  level  surface  in  its  whole  length.  Its  anterior 


*  The  following  muscles  are  inserted  into  tbe  ribs.  Intorcos- 
tales  interui  and  exterui  into  upper  border  of  all  except  first 
Levatores  costanim  into  upper  border  of  all  between  tubercle  and 
angle.  Sacro-lumbaris  iuto  exterior  surface  of  all,  near  angle. 
Lougissimus  dorsi  into  exterior  surface  of  all  between  angle  and 
tuberosity.  Scalenus  antieus  iuto  tubercle  and  ridge  wbich  sepa- 
rate two  shallow  grooves  on  upper  surface  of  first  near  the  middle 
of  its  length.  Scalenus  posticus  into  that  part  of  first  which  lies 
between  subclavius  groove  and  tuberosity,  and  also  into  upper 
border  of  second.  Serj'atus  posterius  superior  into  upper  border 
of  second,  third,  fourth,  and  fifth,  near  angle.  Serratus  posticus 
inferior  into  lower  border  of  four  last  ribs,  near  angle.  Diaphragm 
transversalis  abdominis  iuto  inner  surfaces  of  seven  lowest,  close 
to  cartilages.  A  few  fibres  of  rectus,  sometimes  into  fifth  rib,  close 
to  cartilage. 

The  following  muscles  talce  origin  from  ihe  rihs: — Intercostales 
interui  and  externi  from  the  two  lips  of  the  groove  of  each  rib, 
except  the  last.  Longus  colli  from  head  of  first  serritus  mag- 
uus  from  exterior  surfaee  of  nine  upper.  Cervicalis  asceudens 
from  four  or  five  upper  between  angle  and  tuberositj'.  Accessorius 
from  upper  edge  of  five  or  six  upper.  Pectoralis  minor  from 
exterior  surface  of  third,  fourth,  and  fifth.  Obliquus  inlernus  abdo- 
minis from  exterior  surface  of  nine  lowest  near  anterior  extremity. 
A  few  fibres  of  subclavius  soraetim(>s  from  upjier  sm-face  of  first, 
near  its  cartilage.  A  few  fibres  of  portio  deprismus  of  pectoralis 
major  sometimes  from  exterior  surface  of  fifth  or  sixth  near  car- 
tilage. 
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twiremifif  is  larger  and  thicker  than  that  of  any  other  rib, 
and  often  gives  insertion  above  to  a  muscle.*  The  outer 
byrder  is  thick,  rounded,  and  convex.  Its  inner  harder 
thin  and  concave.  Its  lower  surface  is  smooth,  slightly 
convex,  and  destitute  of  a  groove.  Its  upper  surface 
presi^nts,  close  to  the  inner  border,  and  at  the  junction  of 
the  anterior  with  the  middle  third  of  the  bone,  a  tubercle ; 
and  running  from  this  tubercle  forward  and  outward  to 
the  anterior  border  of  the  bone,  a  slight  ridge.  The 
tubercle  and  ridge  give  attachment  to  a  muscle,t  and 
separate  two  shallow  grooves ;  of  which  the  anterior 
transmits  a  large  vein.X  the  posterior  a  large  artery. | 

183.  Second  rib.  Has  a  hardly  perceptible  angle,  and 
no  twist  on  its  axis  ;  so  that,  hke  the  former,  it  touches, 
with  both  ends  at  once,  any  plane  surface  on  which  it 
may  be  laid.  The  outei-  surface,  though  not  horizontal 
like  that  of  the  first  rib,  looks  a  good  deal  upward ;  and 
presents  near  the  middle  a  rough  eminence,  which  gives 
attachment  to  part  of  a  large  muscle. §  Its  inner  surface, 
which  is  directed  more  downward  than  that  of  the  ribs  in 
general,  presents  near  the  tuberosity  that  groove  which 
is  generally  found  on  the  lower  edge  of  a  rib.  Besides 
this  difference  in  position,  the  groove  of  the  second  rib  is 
very  short. 

184.  Tenth  rib.  The  liead  presents  only  a  single  arti- 
culating surface,  to  correspond  with  the  single  ai-ticular 
cavity  on  the  body  of  the  tenth  dorsal. 

185.  Eleventh  and  twelfth  ribs.  In  these  ribs  the 
head  is  large,  but  has  only  a  single  articular  surface,  and 
the  anterior  extremity  is  attenuated.  They  are  not  con- 
nected with  the  transverse  processes  of  their  respective 
vertebrffi,  and  are  consequently  destitute  of  tuberosity 
and  neck.  The  eleventh  has  a  very  slight  angle  situated 
far  fonvard,  and  a  short  indistinct  groove:  but  in  the 
i-^f-Mxh,  angle  and  groove  are  alike  imperceptible.  These 
points,  with  the  superior  length  of  the  eleventh,  are  the 
oaly  mark.s  of  distinction  between  the  two  vertebral  or 
floating  ribs.  The  ossification  of  these  ribs  proceeds  from 
a  .single  jKiint :  whereas  the  other  ribs  are  developed  by 
three. 

18*^;.  Of  the  costal  CAJiTiLAGES.  These  are  white  elastic 


•  The  9ub';laviii3.  t  The  scalenus  anticus. 

t  The  subclaviau.  §  The  serratus  maguus. 
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substances,  corresponding  in  number,*  general  form,  and 
situation  to  the  ribs,  of  which  they  form  the  anterior  pro- 
longations. Their  width,  and  the  intervals  by  which  they 
are  separated,  diminish  gradually  from  the  first  to  the 
last.  Each  cartilage,  moreover,  diminishes  in  width  from 
its  outer  to  its  inner  extremity ;  except  the  first  and 
second,  which  are  of  equal  width  in  their  whole  extent, 
and  the  sixth,  seventh,  and  eighth,  which  are  considerably 
enlarged  where  their  edges  come  into  contact.  Their 
length  increases  from  the  first  to  the  seventh ;  and 
diminishes  from  the  seventh  to  the  last.  The  seven 
upper  cartilages  are  connected  by  their  inner  extremities 
with  the  sternum.  The  three  succeeding  cartilages  are 
connected,  each  with  the  lower  border  of  the  cartilage 
immediately  above  it ;  while  the  two  last,  which  are  short 
and  pointed,  float,  unconnected  and  free,  in  the  muscular 
parietes  of  the  abdomen.  With  regard  to  the  direction 
of  the  costal  cartilages,  it  may  be  observed  that  the  first 
descends  slightly  from  the  rib  to  the  sternum,  while  the 
second  is  nearly  horizontal,  and  the  third  ascends  a  little 
to  its  sternal  insertion.  The  four  remaining  cartilages  of 
the  vertebro-sternal  ribs,  and  all  those  of  the  vertebro- 
costal ribs,  follow  for  a  few  lines  the  direction  of  the  ribs 
to  which  they  respectively  belong,  and  then  forming  a 
curve,  ascend  to  their  insertion  in  the  sternum,  or  in  the 
preceding  cartilage.  The  abruptness  of  this  ascent  in- 
creases from  above  downwards.  The  two  last  cartilages, 
which  are  cpiite  rudimentary,  follow  the  direction  of  the 
vertebral  ribs  to  which  they  are  attached. 

The  anterior-  surface  of  each  costal  cartilage  is  directed 
forward,  and  a  little  upward  and  outward  ;  and  is  slightly 
arched  or  convex.  The  posterior  siirface  has  an  opposite 
direction,  and  is  concave.  Of  the  horders,  which  corre- 
spond to  the  intercostal  spaces,  the  upper  is  concave,  and 
the  lower  convex.  The  contiguoiis  borders  of  the  sixth, 
seventh,  eighth,  ninth,  and  tenth  costal  cartilages  present 
smooth  oblong  surfaces  at  the  places  where  they  articu- 
late ;  at  which  parts  they  are  also  somewhat  enlarged. 
The  outer  extremity  of  each  cartilage  is  continuous  with 


*  Sometimes  there  is  a  supemiimerary  c.avtilagp  projoctiug  from 
the  side  of  the  Bternum,  not  coimected  with  any  rib,  but  termi- 
nating gradually  in  tlio  substance  of  tlu'  mupule-s.  A\Tion  tliis 
rudimentary  cartilage  occurs,  it  is  usually  fonuod  between  the  third 
and  fourth  rib. 
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the  osseous  tissue  of  the  rib  to  which  it  belongs.  The 
■  ner  extre)nitij  of  the  first  is  continuous  with  the  osseous 
-;sue  of  the  sternum ;  but  the  inner  extremities  of  the 
-ix  nest  are  furnished  with  convex  articular  surfaces, 
which  play  in  the  corresponding  cavities  on  the  borders 
of  the  sternum ;  iii  the  vertebro-costal  ribs,  (the  eighth, 
ninth,  and  tenth  of  the  series,)  this  extremity  is  pointed, 
and  Ues  in  contact  with  the  lower  edge  of  the  cartilage 
above  ;  in  the  two  vertebral  or  floating  ribs  (the  eleventh 
and  twelfth.)  it  is  pointed  and  free.  The  costal  cartilages 
(which  are  the  largest  and  strongest  cartilages  in  the 
bodyj  give  origin  and  insertion  to  numerous  muscles.* 

OF  THE  THORAX  IN  GENEBAl. 

187.  The  thorax  in  shape  resembles  a  cone,  truncated 
at  the  apex,  which  is  situated  above,  flattened  before  and 
behind,  and  cut  off  somewhat  obliquely  at  the  base.  The 
axis  of  the  cone  is  not  vertical,  but  inclined  from  above 
downward  and  a  httle  forward.  The  thorax  is  of  a  sym- 
metrical form,  and  presents  for  examination  an  exterior 
and  an  interior  surface,  an  upper  and  a  lower  aj)ert'ure, 
and  a  cavity. 

188.  Surfaces.  Exterior.  Divided  into  an  anterior,  a 
posterior,  and  two  lateral  aspects.  The  anterior  aspect  is 
inclined  from  above  forward  and  downward,  so  that  its 
direction  is  forward  and  upward.  It  presents  in  the 
middle  the  anterior  surface  of  the  sternum  and  ensiform 
■:ri[^>endix,  and  on  each  side  of  this  the  sterno-costal  car- 
"ilages,  increasing  in  length  and  curvature  from  above 
downward,  and  separated  from  each  other  by  intervals, 
•?rhich  diminish  in  width  from  above  downward,  and 
are  closed  in  the  recent  state  by  a  series  of  thin  flat 


•  The  following  mu.scle.s  take  origin  from  the  costal  cartilages : 
S^V;lav^^s  from  upper  bor'if;r  of  fir.sl.  Steruo-hyoid  from  posterior 
-  idai-.f.  OS  first.  Stemo-thyroid  from  posterior  surface  of  second, 
fntercostiiles  intemi  from  lower  border  of  all  except  last.  Portio 
deprirnens  of  fjectorali.s  major  from  anterior  .surface  of  second,  tliird, 
:  mrtb.  fifth,  and  sixth.  ]i*;ctus  abdominis  from  fifth,  sixth,  and 
•iventh.  Diaphragm  transversalis  abdominis  from  inner  surface  of 
-.oventh  Vjordcr. 

The  following  mu-scles  are  Imerled  into  the  costal  cartilages: — 
IntercostaleH  int/jrrii  into  the  upp'-r  border  of  all  but  the  first. 
'  (blirjuris  intemns  aUIotninis  into  interior  border  of  Bev(m  lowest. 
I  riangnlari.s  stfcmi  into  posterior  surface  of  third,  fourth,  fifth,  and 
5iith. 
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muscles*  Its  posterior  aspect  is  convex  from  above 
downward,  alternately  convex  and  concave  from  side  to 
side.  It  iDresents  in  tlie  middle  the  posterior  surface  of 
the  dorsal  region  of  the  spine,  with  its  vertehral  grooves, 
separated  by  the  row  of  imbricated  spinous  processes, 
Hmited  externally  by  the  series  of  strong  clubbed  trans- 
verse piroeessos,  and  presenting  intermediately  the  ranges 
of  articular  processes.  Beyond  the  transverse  pi-ocesses 
ajDpear  the  outer  surfaces  of  the  ribs,  which  are  here  very- 
convex,  presenting  the  row  of  tuberosities,  and  further  out- 
ward the  angles  of  the  ribs.  These  latter  form  on  each  side 
an  oblique  line,  interrupted  by  the  intercostal  spaces,  and 
running  from  above  downward  and  outward.  The  lateral 
aspects  of  the  thorax  are  more  convex  than  the  others, 
and  directed  outward  in  the  middle,  outward  and  a  Httle 
upward  above,  outward  and  a  little  downward  below. 
Here  are  seen  the  smooth  external  surfaces  of  the  ribs 
running  from  behind  obliquely  downward  and  forward, 
and  separated  by  the  intercostal  spaces — a  series  of 
intervals  which  are  shorter  and  broader  above  and  below 
than  in  the  middle  of  the  thorax,  broader  also  at  its 
posterior  than  at  its  anterior  part,  and  closed  in  the 
recent  state  by  two  layers  of  muscular  fibres.f  The  lateral 
aspects  i^resent,  moreover,  at  their  lower  part  the  cartilages 
of  the  vertebro-costal,  and  of  the  vertebral  or  floating  ribs  ; 
the  former  united  with  each  other,  the  latter  free.  The 
exterior  surface  gives  attachment  to  numerous  muscles. 
Interior.  Divided  like  the  exterior  surface  into  four 
asj^ects.  The  anterior  aspect  is  directed  downward  and 
backward,  and  presents  the  posterior  surface  of  the 
sternum,  of  the  ensiform  apjaendix,  and  of  the  sterno- 
costal cartilages.  The  posterior  aspect  presents  in  the 
centre  tlie  bodies  of  the  dorsal  vertebi'as,  which  project 
into  the  cavity  of  the  thorax,  forming  a  sort  of  curved 
ridge,  concave  from  above  downward,  convex  from  side  to 
side ;  on  each  side  of  these  ajipear  the  heads  of  the  ribs, 
directed  and  received  into  the  cavities  formed  by  the 
junction  of  the  facets  on  the  bodies  of  the  dorsal  vertebrae 
— then  come  the  nechs  (the  two  or  three  uppermost  con- 
tracted, the  rest  wider — more  or  less — than  the  shafts), 
and  then  the  bodies  of  the  ribs,  each  with  its  smooth  and 
concave  interior  surface,  and  its  grooved  inferior  margin. 


*  Intercostales. 
t  lutcrcostalcs  iutemi  and  cxtomi. 


THORAX  IN  GENERAL. 


145 


The  ribs,  projecting  backward  on  each  side  of  the  spine, 
and  then  curving  rather  suddenly  forward,  form  two 
elongated  cavities  resembling  large  grooves,  narrow  above, 
wide  below,  deepest  in  the  middle.  The  lateral  aspects 
are  concave,  and  present,  like  the  last  described,  the 
smooth  inner  surface,  and  grooved  lower  borders,  of  the 
ribs,  with  the  intercostal  spaces  between. 

189.  Apertckes.  Superior:  Smaller  than  the  inferior, 
of  an  ovoid  form,  with  the  long  diameter  transverse, 
incHned  from  behind  forward  and  downward,  so  that  its 
axis  is  directed  from  below  forward  and  upward.  It  is 
formed  in  front  by  the  upper  border  of  the  sternum,  on 
each  side  by  the  inner  edge  of  the  first  rib,  and  behind  by 
the  body  of  the  first  dorsal  vertebra,  which  projects  for- 
ward 50  as  to  destroy  the  regularity  of  the  oval,  and  render 
it  somewhat  heart-shaped.  It  is  traversed  by  several 
important  organs,*  audits  circumference  gives  attachment 
in  front  and  behind  to  several  muscles.f  Inferior.  Yery 
large,  and  like  the  upper,  transversely  ovoid.  Its  circum- 
ference is  irregular,  presenting  alternate  notches  and 
projections.  It  is  bounded  in  front  by  the  ensiform 
appendix,  on  each  side  of  which  is  a  convex  margin, 
formed  by  the  united  lower  borders  of  the  cartilages  of 
the  vertebro-costal  ribs.  Next  to  these  appear  the  tips 
of  the  floating  ribs,  with  the  interval  between  them ;  then 
the  lower  margin  of  the  last  rib,  which  runs  backward, 
inward  and  upward ;  and  lastly,  the  body  of  the  lowest 
dorsal  vertebra.  We  have,  therefore,  in  front,  a  deep 
notch  divided  into  two  by  the  ensiform  appendix,  laterally, 
tTo  curved  eminences  formed  by  the  costal  cartilages, 
and  h^liind,  two  notches  formed,  one  on  each  side,  between 
the  lower  margin  of  the  last  rib  and  the  spine.  The 
<ixis  of  this  aperture  is  directed  downward  and  forward ; 
it  is  closed,  m  the  recent  state,  by  a  large  muscle,^  and 
transmit.s  several  important  organs. § 

190.  Cavity  op  the  Thorax.  The  shape  of  this  cavity 
may  be  inferred  from  the  description  of  the  frame- work 
by  which  it  in  enclosed.  (187-8)  It  is  chiefly  occupied 
by  the  central  organs  of  respiration  and  circulation;  but 


•  Trachea  and  f/;sophagua ;  subclavian  and  carotid  vessels ; 
yagn.q,  sjTrjfAthetio,  and  other  nerves. 

t  Bterno-hyoid,  and  stemo-thyroid  in  front;  longi  colli  behind, 
t  Diaphratrrn. 

§  fEaophagus,  aorta,  vena  cava,  sympathetic  nerve,  Sic. 
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at  its  lower  part  it  protects  a  portion  of  the  abdominal 
viscera.  This  is  permitted  by  the  arched  fom  of  a 
horizontal  muscular  jsartition  (called  the  diajilM-agm), 
which,  in  the  recent  subject,  separates  the  thoracic  from 
the  abdominal  cavity.  The  relative  size  of  the  supra  and 
infra-diaphragmatic  divisions  of  the  thorax  varies  wth 
the  alternate  rise  and  fall  of  the  diaphragm  in  respiration. 
The  form  and  dimensions  of  the  thorax  differ,  moreover, 
in  the  oi^posite  sexes,  and  in  the  same  iudividual  at  dif- 
ferent jjeriods  of  life.  It  is  wider  and  shorter  in  the 
female  than  in  the  male.  In  the  adult  its  transverse 
diameters  exceed  those  which  are  measured  from  the 
anterior  to  the  posterior  wall.  In  the  foetus,  on  the 
contrary,  its  antero-posterior  exceed  its  transverse 
diameters.  At  birth,  when  respiration  commences,  it 
experiences  a  sudden  increase  of  size;  and  its  develop- 
ment undergoes  a  remarkable  temporary  acceleration  at 
the  period  of  adolescence.  The  capacity  of  the  thorax 
indicates  the  volume  of  the  lungs,  which  usually  bears  a 
direct  jDroportion  to  the  development  of  the  muscular 
system,  and  the  general  vigour  of  the  body.  An  expanded 
chest  is  the  sign  of  sound  health ;  a  narrow  contracted 
chest,  vnth  a  prominent  sternum,  indicates  an  inherent 
weakness  of  con.stitution,  and  is  frequently  accompanied 
by  a  consumptive  tendency.  Besides  these  congenital 
diversities  in  the  shape  of  the  thorax,  the  student  wiU 
meet,  in  the  dissecting-room,  with  others  which  are  pro- 
duced by  artificial  means  during  life.  For  an  example  of 
these  we  may  refer  to  the  distortion  which  is  caused  by 
wearing  a  tight  bandage  round  the  middle  region  of  the 
body.  This  practice,  which  reduces  the  expanded  lower 
cu-cumference  of  the  chest  to  two-thirds  of  its  natural 
size,  and  impairs,  to  a  dangerous  extent,  the  functions  of 
digestion  and  respiration,  prevails  among  the  females  of 
several  European  nations  ;  who  prefer  an  abrupt  indenta- 
tion of  this  part  of  the  body  to  the  flowing  curve  of  its 
natural  outline.  So  highly,  indeed,  is  this  unsightly 
deformity  esteemed,  that  the  thorax  is  often  subjected  to 
compression  at  an  early  age,  before  the  bones  are  firmly 
knit,  in  order  the  more  efl'ectually  to  force  in  the  lower 
ribs  ujjon  the  abdominal  viscera. 

From  birth  to  adult  age  the  cavity  of  the  thorax  under- 
goes, during  every  respiration,  an  alternate  increase  and 
diminution  of  capacity,  owing  partly  to  the  rise  and  tall 
of  its  muscular  floor,  partly  to  certain  motions  of  its 
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lies  anil  cartilages,  wliicli  we  shall  presently  proceed  to 
^;ilaiii.  In  old  age  the  cartilages  of  the  thorax  ossify, 
its  jouits  grow  rigid,  its  different  j^ieces  become  gradually 
less  and  less  movable  on  each  other,  and  respiration  is  at 
last  performed  almost  entirely  by  the  action  of  the  dia- 
phragm. ■ 

191.  ilECHAyisM  OF  THE  TiioRAX.    The  principal  office 
of  the  thorax  is  to  contain  and  protect  the  Inngs,  and  to 
pamp  air  alternately  into  and  ont  of  then-  cells  ;  the 
middle  region  of  its  cavity  is  occupied  by  the  heart ;  and 
by  its  outer  snrface  it  afibrds  attachment,  and  a  firm 
centre  of  action,  to  the  arms,  and  to  numerous  muscles. 
'"  loh  of  these  three  functions  requires,  for  its  due  per- 
raance,  the  fulhlment  of  a  different  condition.  The 
-t  involves  the  incessant  motion  of  the  walls  of  the 
■rax,  and  the  alternate  fall  and  reascent  of  its  floor 
rough  a  considerable   space.    The   second,  on  the 
::trary,  requires  that  the  floor,  so  far  as  it  serves  to 
ipport  the  heart  (the  pulsation  of  which  is  disturbed  by 
uiv  considerable  change  of  its  relative  position),  should 
•  l-scend  very  little  during  inspiration.    The  third  requires 
^  -It  the  elastic,  movable  hoops  of  the  thorax  should  be 
nable  of  suddenly  assiiming  the  qualities  and  condition 
:  a  rigid,  jointless  framework. 
Without  entering  at  length  into  the  physiology  of  the 
aphragm,  which  forms  the  floor  of  the  chest,  we  may 
v.jserve  that  its  central  part,  which  supports  the  heai-t,  is 
a  flat,  tendinous  expiansion ;  while  the  lateral  portions, 
riich  .sustain  the  lungs,  are  composed  of  curved  muscular 
.res.    By  the  contraction  of  the  anterior  and  posterior 
portion.s  of  the  mu.scle  the  central  aponeurotic  tendon  is 
;  ':ridered  tense,  so  a.s  to  become  a  fixed  centre  for  the 
tion  of  the  lateral  fibres  ;  but  being  flat,  and  connected 
V  .short  rnu.sciilar  fibres  to  the  xiphoid  appendix,  it  de- 
-■nd.s  but  little.    The  lateral  muscular  fibres,  on  the 
■  ntrary,  are  very  long,  and  arch  upward  into  the  cavity 
the  thorax,  reaching  at  their  highest  point  the  level  of 
fifth  rib.  Each  lateral  muscular  vault,  in  contracting, 
fid.H  to  bring  the  whole  length  of  its  curved  fibres  into 
:  ;  sarne  plane ;  thi.s  can  only  happen  by  a  considerable 
-cent  of  its  highe.st  point;  which  descent  involves  the 
•rtioal  dilatation  of  the  lateral  portion  of  the  tlioracic 
'rity.    Such  is  the  twofold  structure,  and  function,  of 
e  rnusculo-aponeTirotic  floor  of  the  thorax.    We  have 
'■,xt  to  consider  the  mechanism  of  its  o.sseo-cartilaginous 
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walls,  and  to  ascertain,  in  the  Erst  place,  by  what  manner 
of  motions  they  alternately  dilate  and  contract  the  cavity 
of  the  chest ;  and  secondly,  how  this  movable  framework 
is  enabled  suddenly  to  assume  a  temporary  rigidity,  so  as 
to  furnish  the  upper  extremities,  and  the  muscles  which, 
are  attached  to  its  surface,  with  a  fixed,  unyielding  centre 
of  action. 

If  we  examine,  in  a  skeleton,  the  hoop  formed  by  a  pair 
of  true  ribs  and  costal  cartilages,  we  shall  find  that  it  is 
inclined  in  two  senses  :  1st,  the  entire  hoop  is  inclined 
downward  and  forward,  from  its  spinal  to  its  sternal 
attachment,  so  that  its  anterior  is  lower  than  its  posterior 
portion  ;  2ndly,  each  lateral  segment  of  the  hoop  is  in- 
clined downward  and  outward  i'rom  the  median  plane  of 
the  body,  so  that  the  middle  of  the  shaft  of  each  rib  is 
below  the  middle  of  a  straight  line  connecting  its  ex- 
tremities. To  bring  a  rib,  thus  inclined,  into  a  horizontal 
position,  two  things  would  be  necessary  ;  first,  its  anterior 
extremity  must  be  raised  to  a  level  with  its  posterior  ex- 
tremity ;  and  then  its  middle  portion  must  be  raised  to  a 
level  with  its  ends.  It  is  evident  that  the  former  of  these 
actions  would  carry  forward  the  anterior  extremity  of  the 
rib  and  the  sternum  ;  thereby  increasing  the  antero-poste- 
rior  diameter  of  the  chest ;  and  that  the  latter  would  carry 
o  utward  the  middle  of  the  rib,  thereby  increasing  the  trans- 
verse diameter  of  the  chest ;  so  that,  performed  together, 
they  would  dilate  the  cavity  in  both  directions  at  once. 
Now,  each  rib  is  provided  with  muscles,  by  which  its  inclina- 
tion with  regard  to  the  spine,  and  its  inclination  with  regard 
to  the  median  plane,  are  simultaneously  diminished,  all 
its  parts  being  brought  nearer  to  the  horizontal  plane  in 
which  its  posterior  extremity  is  situated.  When  we  add 
that  these  muscles  act  during  inspiration,  and  that  their 
antagonists  restore  the  ribs  and  sternum  to  their  former 
position  during  expiration,  the  alternate  dilatation  and 
contraction  of  the  walls  of  the  thorax  are  sufficiently  ex- 
plained ;*  and  we  may  proceed  to  consider,  in  the  last 


•  Ot  the  numerous  coutlicting  theories  whicli  h.ive  been  pro- 
posed, in  cxphmatiou  of  the  respirator3-  motions  of  tlie  thorax, 
several  are  at  variance  with  pUiin  facts,  and  may  be  satisfactonly 
refuted  bj-  duoct  observation.  Such  is  the  doctrnje  of  tlie  minio- 
bility  of  the  first  rib,  origiually  advanced  by  Hnller_  It  is  only 
necessary  to  move  the  stennnu  up  and  down,  m  the  dead  suHjecl, 
in  order  to  be  conviuced,  with  Jlagendie,  that  tlie  first  nb  is  not 
less  movable  than  any  other  of  the  series.    But  there  are  somo 


MECHAI^ISM  OF  THE  THORAX. 


149 


place,  fhe  conditions  of  rigidity,  and  the  meclianical  pro- 
visions bv  which  it  is  attained. 

.Ind  here  we  may  observe  that  the  condition  of  mo- 
bUity,  being  in  constant  requisition  day  and  night,  is 
therefore  the  natural  or  spontaneous  condition  of  the 
thorax  ;  whereas  the  condition  of  rigidity,  being  only  re- 
quired when  certain  particular  muscles  are  put  into  un- 
usually strong  action,  is  a  temporary  condition,  produced 


prevalent  opinions  which  are  not  so  easily  brought  to  the  test  of 
experiment ;  as  for  iustance,  that  which  is  maintained  by  Cniveil- 
hier  in  the  following  passage  : — 

"Le  sternum  n'eprouve  pas  dans  son  ascension  nn  mouvement 
lie  bascule,  comme  le  pense  HalJer ;  mais  il  est  port(5  en  haut  par 
im  mouveraent  de  totality,  en  couservant  sa  direction  primitive,  ainsi 
que  Borelli  I'avait  tres-bien  indique." 

Now,  I  think  that,  whether  ^Y\th  Haller  we  consider  the  first 
-"o  to  be  fixed,  or  with  Cniveilhier  admit  its  mobility,  a  few  very 
_iple  considerations  will  be  sufficient  to  prove 
-  it  it  is  absolutely  impossible  for  the  sternum  to 
:  reserve  its  original  direction  "  during  the  re- 
iratory  motion  of  the  thorax,  as  Cruveilhier  in  fid-  '■■ 

passage  contends. 
Let  a  b  Jig.  1  represent  the  spinal  column,  d  f 
sternum,  c  d  the  first  vertebro-stemal  rib 
--.on  and  almost  perpendicular  to  a  6),  and  e  f 
.-  last  vertebro-stemal  rib  (long  and  consider- 
'--j  inclined  on  a  tj). 

Lf  the  first  rib  is  fixed,  it  will  prevent  the  ; 
•mum  from  ascending,  but  n-ill  allow  it  lo  g' 
iTance  at  its  lower  extremity  (to  a  distance  de-  ' 
Tiding  on  the  extensibility  of  the  costal  arc  e/),  by  turning  above 
a  <i,  as  its  centre,  and  describing  below  the  segment/*/  of  a  circle. 
Any  two  positions  of  the  sternum,  during  an  ad- 
•■  itice  of  this  kind,  would  represent  two  radii  of 
■':  same  circle ;    and,  therefore,  could  not  be 
rallel  to  ea<;h  other. 

If.  on  the  other  hand,  the  first  rib  turns  during 
ipiration  and  its  vertebral  joint  (as  Cruveilhier 
Irnits,  and  a-H  it  really  does),  its  anterior  extremity 
ill  ascend  in  the  arc  d  h.fig.  2;  while  the  seventh 
''I,  also  turning  at  its  vertebral  articulation,  will 
cend  in  the  arc /  i,  carrying  the  sternum  forward 
.d  upward,  into  the  pfjsition  shown  by  the  dotted 
r.e  A  1. 

The  arcs,  d  h  and  /  i,  also  represent  the  paths  in 
'hich  the  ends  of  the  st';rnum  will  respectively 
■  ove.  Xow  it  is  shown  in  the  diagram,  tliat  these 
i.th3  differ  very  considerably  as  to  their  curvature  and  direction  ; 
•ing  in  fact  segrnonts  of  une'inal  circles.  I!iit  if  the  ends  of  the 
"errjam  advance  unequally,  the  inclinatioFi  of  this  bone  riiust  neces- 
■tirily  undergo  a  constant  change  during  the  motions  of  respiration. 
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by  a  voluntary  effoi-t,  and  maintamable  only  for  a  sliort 
time.  To  produce  this  temporary  rigidity  of  the  thorax, 
we  first  expand  it  by  a  deep  inspiration,  and  then,  closing 
the  glottis  (or  aperture  of  the  windpipe),  put  the  muscles 
of  expiration  into  action,  so  as  forcibly  to  compress  the 
air  within.  In  this  state  of  things,  the  elastic  force  of 
the  condensed  air,  and  the  tension  of  the  muscles  of  ex- 
piration, op)erate  as  antagonist  forces,  equally  preventing 
the  expansion  and  the  contraction  of  the  tborax.  This 
explanation  is  confirmed  by  common  experience.  Every 
one  has  observed  that  in  taking  a  leap,  striking  a  blow, 
or  any  other  violent  exertion  of  the  body,  the  breath  is  in- 
stinctively drawn  m,  and  held ;  and  that,  just  as  the  action 
is  completed,  the  glottis  opens,  and  the  air  escapes  with 
an  audible  rush,  which  proves  that  it  has  been  subjected 
to  compression  within  the  lungs. 


OHAPTEE  IV. 

OP  THE  PELVIS. 

192.  The  pelvis  is  an  irregularly  shaped,  osseous  girdle 
attached  to  the  lower  end  of  the  spinal  column,  which  it 
sujiports,  and  resting  below  on  the  thigh  bones,  to  which 
it  transmits  the  weight  of  the  trunk.  It  is  intermediate 
in  size  between  the  cranium  and  thorax ;  but  it  is  stronger, 
and  more  massively  framed,  than  either.  It  is  composed, 
in  the  adult,  of  four  bones,  viz.,  the  two  ossa  innominaia, 
or  haanch-hones,  which  bound  it  laterally  and  in  front, 
and  the  sacrum  and  coccyx,  which  complete  it  behind. 
The  two  latter  bones  form  a  continuous  line  with  the 
spinal  column,  of  which  they  are  universally  admitted  to 
be  the  degenerate  termination.  The  haunch  bears  the 
same  relation  to  the  leg,  that  the  shoulder  does  to  the 
arm  ;  each  being  considered  by  Cruveilhier,  and  many 
other  descriptive  anatomists,  as  the  first  division  of  the 
corresponding  extremity ;  but,  by  the  transcendental 
anatomist,  as  a  portion  of  the  costal  series,  analogous  to 
the  lateral  arcs  of  the  thorax.*    We  must  again  remind 


•  Tlie  transcimdental  anatomists  regard  tbe  osseous  girdle 
formed  by  the  shoulder-blades  and  collar-bones,  as  a  S(U-ies  of 
cervical  ribs,  coalesced,  and  otherwise  modilied,  to  adapt  them  for 
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the  student,  that  the  division  of  the  skeleton,  adopted  in 
this  treatise,  is  intended  merely  to  furnish  a  simple  and 
convenient  order  of  description,  not  to  indicate  the  true 
analotries  of  the  bones,  which  would  suggest  an  arrange- 
ment m  the  highest  degree  paradoxical  and  periDlexing  to 
the  beijinner.  ^Yith  this  caiition  we  may  proceed,  in  the 
tirst  place,  to  describe  separately  the  four  bones  of  the 
pelvis ;  and  secondly,  to  review  the  cavity  which  they  form 
by  their  conjunction. 

OP  THE  SACRUM. 

193.  The  sacrum  is  a  large,  pyramidal  hone,  inserted, 
like  a  wedge,  between  the  two  ossa  innominata.  It  forms 
the  upper  and  back  part  of  the  pelvis ;  its  base  articu- 
lates with  the  last  lumbar  vertebra ;  its  apex,  which  is 
directed  downward  and  forward,  unites  with  the  coccyx. 
It  is  origiaally  formed  in  five  separate  pieces,  analogous 
to  the  vertebras  of  the  spine — of  which,  in  fact,  the  sacro- 
coccygeal column  is  the  inferior  prolongation.    At  the 


the  support  of  tbe  arms.    The  upper  half  of  the  manubrium  is,  in 
their  view,  a  condensed  cervical  sternum,  articulating  with  tho 
cervical  ribs.    So  again  they  trace  in  the  ossa  innominata,  and  the 
anterior  portion  of  the  lateral  mass  of  the  sacrum,  a  series  of  sacral 
ribs,  consolidated  into  a  mass,  and  coalescing  with  the  transverse 
processes  of  the  sacral  vertebrae,  in  order  to  form  a  strong  frame- 
•work  for  articulation  -with  the  lower  extremities.    The  sternum  is 
here  represented  by  the  inter-pubic  fibro-cartUage.    In  the  abdo- 
men the.=e  parts  are  reduced  to  mere  vestiges  ;  the  linea  alba 
representing  the  sternum,  and  the  tendinous  intersections  of  the 
rectus  being  indications  of  abdominal  ribs.  These  views,  supported 
as  Ih.-y  are  by  the  most  comprehen-sive  induction  of  facts  from 
comparative  anatomy,  seem  to  me  to  deserve  more  attention  than  is 
testowed  on  them  by  the  medical  students  in  this  country ;  for 
which  reason  it  is  that  the  present,  and  several  other  notices,  of  the 
transcendental  philosophy,  have  been  introduced  into  this  treatise. 
I  take  this  opportunity  of  correcting  an  error  which  has  escaped 
me  in  sp<;aking  of  the  tran.scendental  relations  of  the  teeth,  note  (♦), 
page  80.    The"  teeth  are  vestiges,  not  of  the  dermoid  skeleton,  as 
there  stated,  Vjut  of  the  Hjdanchiuil  skeleton,  as  subsequently  stated 
in  note  (*),  page         The  diBcrejiaucy  is  not  so  considerable  as  it 
appears  at  tirst  flight,  for  the  epidennis  of  the  exterior  cutaneous 
tegument  fwhich,  with  its  appendages,  represents  tlio  demioid 
Bkt':let'<n>,  and  the  epithelium  of  the  interior  mucous  tei;ument 
(which,  with  its  appendages,  represents  the  splanchnal  Bkoleton),  are 
continuous  with  ea'.di  other  at  the  orifice  of  the  mouth:   and  when 
the  front  teeth  grow  upon  the  line  of  junction,  as  they  do  in  many 
fishes,  they  may  be  referred,  to  either  Bkeleton  iudiSeroutly. 
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age  of  16,  tlie  sacral  vertebras  (also  called  tine  false  ver- 
tebra, m  contradistiiictiou  to  the  spinal  or  true  vertebras) 
begiu  to  unite  ;  the  transverse  processes  are  blended  into 
a  continuoua  mass  on  each  side,  and  the  joints  of  the 
bodies  anchy lose;  so  that,  at  25  years  of  age,  the  whole 
series  is  consolidated  into  a  single  bone. 

The  sacrum  is  curved  upon  itself,  so  as  to  be  convex 
behind,  concave  in  front.  In  the  natural  position,  it  is 
directed  obliquely  from  above  downward  and  backward,  so 
as  to  form  with  the  lumbar  vertebras  a  prominent  angle, 
of  which  we  shall  have  occasion  to  speak  in  our  general 
review  of  the  pelvis.  The  sacrum  presents  four  surfaces, 
a  base,  an  apex,  and  a  canal. 

194.  Surfaces.  Anterior.  More  extensive,  in  general, 
than  the  posterior,  wider  above  than  below,  slightly  con- 
cave in  the  transverse,  very  concave  in  the  longitudinal 
direction.  It  presents,  in  the  median  line,  the  hodlcs  of 
the  five  sacral  vertebras,  separated  by  four  transverse 
ridges.  External  to  these,  on  each  side,  appear  four 
Iwles,  leading  into  the  sacral  canal,  and  analogous  to  the 
inter-vertebral  foramina.  (26)  External  to  these,  again, 
is  the  anterior  surface  of  the  lateral  mass  formed  by  the 
conjoined  transverse  processes  of  the  sacral  vertebrre. 
Examining  these  objects  more  closely,  we  observe  that  the 
hodies  diminish  in  size  from  above  downward  ;  that  the 
uppermost  is  convex,  the  others  nearly  plain  from  side  to 
side  ;  and  that  each  is  concave  in  the  longitudinal  direc- 
tion. The  holes,  which  are  called  the  anterior  sacral  fora- 
mina, correspond  in  position  to  the  four  transverse  ridges 
(every  ridge  having  a  hole  at  each  end).  The  two  upper 
holes,  on  each  side,  are  large  and  rounded ;  the  two  lower 
are  smaller,  and  of  a  less  regular  form.  They  all  give 
passage  to  nerves.*  The  anterior  sui'face  of  the  conjoined 
transverse  process  is  smooth,  and  traversed  by  four  wide, 
shallow  grooves,  leading  horizontally  outward  from  the 
anterior  sacral  foramina,  and  lodging  the  nerves  which 
those  foramina  transmit.  These  grooves  are  separated  by 
slight  horizontal  ridges,  which  give  attachment  to  the 
digitations  of  a  muscle.f 

Posterior.  This  surface  is  convex,  and  uneven.  It 
presents,  in  the  median  line,  the  rudimentary  sjnnoiis 
2>rocesses  of  the  sacral  vertebras.    Immediately  external 


•  Anterior  branches  of  sacral  nerves. 
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to  these,  on  eact  side,  are  tlie  lamhicc  :  beyond  these  ap- 
pears a  series  of  indistinct  tubercles,  representing  the 
articular  processes ;  close  on  the  outside  of  these  are  the 
posterior  sacral  foramina ;  and  just  bej'ond  these  is  an- 
other row  of  tubercles,  which  represent  the  extremities  of 
the  fransrerse  j^rocesses*  and  separate  the  posterior  from 
the  lateral  surface.    Of  the  spinous  processes,  the  upper- 
most is  usually  very  prominent,  and  separate  from  the 
others.    The  second,  the  third,  and  the  upper  half  of  the 
fourth,  unite  to  form  a  tubercular  ridge,  which  becomes 
less  prominent  as  it  descends,  and  disappears  opposite 
the  middle  of  the  fourth  sacral  vertebra.    The  lower  half 
of  the  fourth  sacral  vertebra,  and  the  whole  of  the  fifth, 
are  deficient  in  spinous  process  and  laminjB ;  so  that  the 
sacral  canal  is  here  laid  open,  and  appears  as  a  wide  ver- 
tical groove,  bounded  on  each  side  by  a  tubercular  ridge. 
These  ridges  are  formed  by  the  articular  processes  of 
the  fourth  and  fifth  sacral  vertebree  ;  they  project  down- 
ward, under  the  name  of  corima  sacralia,  or  lionis  of  the 
iacruni,  to  meet  corresponding  processes  of  the  coccyx, 
with  which  they  ultimately  coalesce.    Beneath  each  sacral 
horn  is  a  notch,  which  transmits  a  nerve.f    The  laminm 
present  nothing  remarkable ;  they  are  long  and  thick  in 
the  first  sacral  vertebra,  and  deficient  in  the  fifth,  and  in 
the  lower  half  of  the  fourth,  as  we  have  already  had  oc- 
casion to  observe.    Of  the  articular  processes,  the  upper- 
most pair  are  well  developed,  but  as  they  belong  to  the 
base  of  the  sacrum,  their  description  is  deferred.  (195) 
The  second  and  third  pair  are  represented  by  small  in- 
distinct tubercles ;    the  fourth  pair  are  more  distinct, 
and  contribute  to  form  the  ridges  that  bound  the  ter- 


"  Cloqnet  regards  these  eminences  as  the  representatives  of  the 
articular  processes  of  the  spine,  and  makes  no  mention  of  the 
tnterc-les  which  we  (with  Cruveilhier  and  others)  describe  as  rudi- 
mentarj-  articular  procesijes.  But  the  relative  position  of  the  two 
T'jwi  of  tutx^rcles,  clearly  indicates,  I  think,  tiieir  true  analogies. 
The  two  processes  by  which  the  sacnim  articulates  with  the  last 
lumbar  Virlebra  aVxjve,  and  the  corni/a  sarralia,  by  which  it  arti- 
culates with  the  first  coccygeal  bone  below,  are  admitted  on  all 
hands  to  l>;  analogous  to  articular  processes.  Now  the  tuljcrclos 
de3crib<;d  in  the  t<;xt  as  articular,  extend  in  a  direct  line  between 
thes*;  pPK^esses.  On  the  contrary,  the  tubercles,  which  Cloquet 
descriVis  as  artictilar,  are  in  a  line  \vilh  the  transpemc  process(m  of 
the  luml/ar  vert<;br3!,  and  half  an  inch  external  to  the  range  of 
•rticulating  processes. 

t  Fifth  sacraL 
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minal  groove  of  the  sacral  canal ;  the  fifth  pair  also 
conti-ibute  to  those  ridges,  and  are  prolonged  downwards 
to  form  the  sacral  horns.  The  posterior  sacral  foramina, 
four  on  each  side,  lie  just  external  to  the  tubercles  repre- 
senting the  articular  processes.  They  are  exactly  oppo- 
site to  the  anterior  sacral  foramina,  but  smaller,  and  less 
regular  in  form.  Like  the  anterior,  they  communicate 
with  the  sacral  canal,  and  serve  for  the  transmis.sion 
of  nerves.*  The  tubercles  which  represent  the  trans' 
verse  processes,  are  large,  and  give  attachment  to  strong 
ligaments.f  The  uppermost  pair  are  particularly  distinct; 
appearing,  one  on  each  side,  as  a  horizontal  tubercular 
eminence  on  the  boundary  line  between  the  posterior 
surface  and  the  base  of  the  sacrum.  The  space  between 
the  transverse  and  spinous  processes  is  concave  from  side 
to  side,  and  forms  a  channel,  continuous  with  the  ver- 
tebral groove  of  the  spine,  and  called  the  vertebral  groove 
of  the  sacrum,  or,  more  shortly,  the  sacral  groove.  The 
posterior  siirface  gives  attachment  to  several  muscles.J 
Lateral.  This  aspect  is  broad  above,  but  it  narrows  into 
a  mere  edge  below.  It  presents,  superiorly,  a  rough,  semi- 
lunar surface,  directed  outward,  backward,  and  a  little 
downward,  for  articulation  with  a  corresponding  surface 
on  the  OS  innominatam.  This  surface  of  the  sacrum  is 
sometimes  called  the  auricular,  or  ear-shaped  surface. 
It  is  bounded,  posteriorly,  by  some  rough  depressions,  for 
the  attachment  of  strong  ligaments. §  Beneath  the  auri- 
cular surface  is  an  uneven  edge,  which  gives  attachment 
to  ligaments,||  and  presents,  at  its  lowest  part,  a  deep 
notch  converted,  either  by  a  ligament,  or  by  the  trans- 
verse process  of  the  first  coccygeal  vertebra  (202),  into  a 
hole,  which  transmits  a  nerve. ^ 

195.  Base.  This  aspect  is  directed  upward  and  for- 
ward. It  is  widest  transversely,  and  presents,  in  the 
median  line,  an  oval  surface  exactly  resembling  the  arti- 
cular surface  of  the  body  of  the  last  lumbar  vertebra,  to 
which  it  is  joined  by  the  intervention  of  the  last  inter- 
vertebral fibro-cartilage.    Behind  tliis  articular  surface 


*  Posterior  branches  of  sacral.  t  Sacro-sciatic. 

X  The  spinous  processes  give  attachment  to  the  aponeurosis  of 
the  latissimus  dorsi ;  and  the  sacral  grooves,  to  the  fleshy  mass  by 
which  the  sacro-lurabalis  and  longissimus  dorsi  commence,  and  to 
the  ghita!us  maximus.  §  Sacro -iliac. 

II  Sacro-sciatic.  .       %  Anterior  branch  of  fiith  sacral. 
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appears  the  upper  orifice  of  the  sacral  canal,  large  and 
triauirular,  bouutled,  in  front  by  the  body,  and  behind  by 
the  laminte,  of  the  first  sacral  vertebra.  Behind  this 
orifice  is  seen  the  upper  border  of  the  spinous  process  of 
the  first  sacral  vertebra  ;  beside  it  appear  the  upper  arti- 
cular processes  of  the  first  sacral  vertebra.  Each  of  these 
processes  presents  an  oval,  cartilaginous  surface,  concave 
from  side  to  side,  plane  fi-om  above  downward,  and  directed 
backward,  inward,  and  a  little  upward,  to  articulate  with 
the  inferior  articular  process  of  the  last  lumbar  vertebra. 
In  front  of  each  articular  process  is  a  notch,  which,  with 
the  inferior  notch  of  the  last  lumbar  vertebra,  forms  the 
last  intervertehrcd  foramen.  The  only  rema,ining  objects 
presented  by  this  aspect  are  two  smooth,  triangular  sur- 
faces, concave  transversely,  convex  from  _  before  back- 
ward, ertending  outward,  one  on  each  side,  from  the 
central  articular  surface  of  the  base,  to  become  con- 
tinuous, in  the  united  pelvis,  with  the  internal  iliac  fossa 
of  the  OS  innominatum.  These  surfaces  are  sometimes 
called  the  oM  of  the  sacrum;  the  rounded  angle,  formed 
by  their  junction  with  the  anterior  surface,  is  continuous 
with  the  linea  ileopectinea  of  the  os  innominatum  (209), 
and  forms  part  of  the  brim  of  the  true  pelvis  (218). 

196.  Apex.  Is  directed  downward  and  a  little  forward, 
and  presents  only  a  concave,  oval  surface,  for  articulation 
with  the  coccyx. 

197.  Saci;al  Canal.  Large  and  triangular  above, 
smaU,  and  flattened  from  before  backward  below.  It 
follows  the  curve  of  the  sacrum,  is  continuous  above  with 
the  vertebral  canal,  and  is  reduced  below  to  a  groove,  by 
the  deficiency  of  its  posterior  wall  between  the  sacral 
horns.  In  the  recent  subject,  however,  this  groove_  is 
converted  into  a  canal  by  ligamentous  fibres,  which 
extend  between  the  cornua.  The  sacral  canal  lodges 
nerves,*  and  its  walls  are  perforated  by  the  anterior  and 
posterior  sacral  foramina,  through  which  those  nei-ves 
pa.=<3  out. 

198.  Strcctuee.  Light  and  spongy  within,  invested 
by  a  thin  layer  of  compact  tissue  externally.  Develop- 
MR5T.  Each  of  the  three  upper  sacral  vertebra3  is  de- 
veloped V^y  five  OHsific  points,  one  for  the  body,  two  for 
the  laminjK,  two  for  the  lateral  masses  which  represent 
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tlie  transverse  processes.  Tlie  two  lowest  sacral  vertebras 
are  developed  by  three  points  each,  one  for  the  body,  two 
for  the  lateral  masses.  The  articular  surfaces  of  the 
body  of  every  sacral  vertebra,  and  the  two  auricular 
surfaces  of  the  sacrum,  are  develo2:)ed  separately,  each  as 
a  thin  plate,  which  subsequently  unites  with  the  rest  of 
the  bone.  Each  of  these  twelve  epiphj'ses  is  developed 
by  a  separate  point,  which,  with  the  twenty-one  before- 
mentioned,  make  up  the  number  of  ihirty-tliree  ossific 
points  for  the  sacrum.  Articulations.  With  the  last 
lumbar  vertebra,  the  ossa  innominata,  and  the  coccyx. 

CURVATTJUE  OF  THE  SACUniL. 

199.  The  saci-um  is  somewhat  wider  in  the  female  than 
in  the  male.  Its  relative  curvature  in  the  two  sexes  is  a 
subject  upon  which  contradictory  opinions  have  been  de- 
livered by  anatomists  of  high  authority.  Clocpiet  says 
that  the  female  sacrum  is  more  curved  than  that  of  the 
male.  Others  maintain  a  directly  opposite  opinion.  Cru- 
veilhier  states  that  he  has  examined  the  sacrum  in  many 
male  and  female  subjects,  without  finding  any  diflereuce 
sufficiently  pronounced  and  constant,  to  be  taken  as  cha- 
racteristic of  the  sexes. 

As  this  is  a  question  of  considerable  interest  to  the 
jjractitiouers  of  midwifery,  I  have  endeavoured,  by  em- 
ploying an  exact  mode  of  measurement,  to  arrive  at  a 
correct  decision  on  this  point,  and  shall  here  state  briefly 
the  method  and  the  results  of  my  observations.  A  narrow- 
strip  of  sheet-lead  was  pressed  against  the  anterior  sur- 
face of  the  boue,  so  as  to  receive  its  exact  curvature  in 
the  median  line.  The  lead  was  then  laid  edgeways  on  a 
sheet  of  pa]3er,  and  its  curve  was  traced  with  a  pencil. 
The  foregoing  diagram  exhibits  curved  lines  obtained  in 
this  manner,  from  the  sacra  of  four  male  and  four  female 
pelves,  belonging  to  the  museum  of  King  s  College.  An 
extensive  series  of  similar  observations  gave  the  follow- 
ing general  conclusions ; — 

1.  The  curvature  of  the  female  sacrum  belongs  chiefly 
to  the  lower  half  of  the  bone.  The  upper  half  is  nearly 
strai'j'ht.  2.  The  male  sacrum  is,  on  an  average,  more 
curved  than  that  of  the  female,  and  its  curvature  is  more 
equally  distributed  over  its  whole  leugth.  _  'A.  The  male 
sacrum,  in  many  instances,  approximates  in  its  form  to 
that  of  the  female,  but  the  female  sacrum  rarely  presents 
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the  characters  proper  to  the  male.  Thus,  it  is  much 
more  common  to  tind  a  very  straight  sacri^m  in  a  male 
subject,  than  one  that  is  very  much  curved  in  a  female. 
(Fig.  i'  in  the  diagram,  represents  the  curvature  of  the 
straightest  male  sacrum  I  have  ever  met  with.) 

The  curvature  of  the  sacrum  is  liable  to  be  changed 
after  birth  by  pressure.  A  dealer  in  bones,  who  obtains 
his  supplies  from  a  French  military  hospital,  informs  me 
that  the  skeleton  oF  a  horse-soldier  may  generally  be  dis- 
tinguished from  that  of  a  foot-soldier,  by  the  more  sudden 
corvature  of  the  sacrum. 

OF  THE  COCCYX. 

200.  A  series  of  four,  sometimes  five,  small  vertebrte, 
resembling  those  of  the  sacrum,  but  still  more  degenerate 
and  rudimentary.  Uniting  successively  with  each  other, 
these  coccygeal  vertebrtB  form,  in  the  adult,  a  single  bone, 
:  a  triangular  form,  articulated  by  its  base  to  the  apex 
the  sacrum,  with  which  it  ultimately  contracts  an 
osseous  union ;  so  that,  at  a  late  age,  the  entire  sacro- 
coccygeal column  forms  but  one  bone.  The  coccyx  is  a 
vestige,  in  the  human  race,  of  the  tail  of  quadrupeds. 
It  presents  for  examination  two  surfaces,  two  lateral 
horchrs,  a  6a.se,  and  an  apex. 

"201.  .Surfaces.  Anteruyr.  Smooth,  sHghtly  concave, 
I'jrming  a  curve  continuous  with  that  of  the  sacrum, 
marked  with  three  transverse  grooves,  indicating  the 
mnction  of  the  cocygeal  vertebra3.  It  is  covered  by  a 
ligament,*  and  supports  a  portion  of  the  alimentary 
canal.f  Fosterior.  Convex,  marked  with  tranverse  grooves 
like  those  of  the  anterior  surface,  and  also  with  two  rows 
of  tuherclen,  which  represent  the  articular  processes  of 
the  coccygeal  vertebrte.  The  tippermost  pair  of  these 
tubercle.s  are  prolonged  upward,  to  meet  the  descending 
articular  processes  of  the  last  sacral  vetebraj ;  and  as  the 
latter  proccHHCs  are  called  the  cornua  of  the  sacrum,  so 
are  these  denominated  the  corniia  of  the  coccyx.  The 
cornua  of  the  sacrum  and  coccyx,  together  with  the  bodies 
of  the  false  vertebr;/,-,  to  which  they  respectively  belong, 
complete  a  pair  of  foramina,  which  transmit  each  a  nerve. J 
The  coccygeal  vertebrje  are  destitute  of  laminuj  and  spinous 


*  Anterior  sacro-coccygoal. 

X  Fifth  sacral. 


t  licctum. 
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processes,  and  consequently  also  of  vertebral  canal,  and 
intervertebral  foramina.  This  surface  of  the  coccyx  is 
covered  by  a  ligament,*  and  affords  insertion  to  part  of 
two  large  muscles.t 

202.  Lateral  Bujiders.  Thin  and  uneven,  presenting, 
alternately,  eminences,  which  correspond  to_  the  trans- 
verse processes  of  the  spine,  and  notches,  which  indicate 
the  original  separation  of  the  coccygpal  vertebroa.  The 
transverse  processes  of  the  first  coccygeal  vertebra3  are 
long,  and  flattened  from  before  backward.  They  fre- 
quently curve  upward,  and  join  the  lateral  masses  of  the 
sacrum,  so  as  to  enclose  on  each  side  a  foramen,  which 
transmits  a  nerve.J  The  transverse  processes  of  the 
second  coccygeal  vertebra  are  much  smaller,  and  those  of 
the  third  and  fourth  are  often  quite  deficient.  Indeed, 
the  last  two  pieces  of  the  coccyx  are,  in  general,  mere 
rudimentary  nodules  of  bone,  without  distinct  processes 
or  markings  of  any  kind.  The  lateral  borders  of  the 
coccyx  give  attachment  to  ligaments§  and  niuscles.|| 

203.  Base.  Presents  an  oval  surface,  which  articulates, 
by  amphiarthrosis,  with  the  extremity  of  the  sacnim. 
Normally,  the  coccyx  forms  a  continuous  hue  i.vith  the 
sacrum,  prolonging  :ts  curvature  forward:  but  it  is  some- 
times turned  upward  by  the  pressure  of  sitting,  so  as  to 
form  a  right  or  even  an  acute  angle,  with  the  sacrum. 

204.  Apex.  Sometimes  tubercular,  sometimes  bifid, 
sometimes  deflected  to  the  right  or  left  of  the  median 
line.  It  gives  attachment  to  a  tendon,^  and  to  some 
muscular  fibres.**  . 

205.  Structure.  Of  spongy  tissue,  enveloped  m  a 
very  thin  layer  of  compact.  Development.  By  four 
points,  one  for  each  piece.  The  upper  pieces  are  some- 
times develo]3ed,  each  by  two  lateral  pomts,  which  umte 
in  the  median  line.  Articulation.  With  the  sacrum 
only. 

OF  THE  OS  INNOMDIATUM,  OR  HAUNCH  BONE. 

206  An  irregularly  shaped,  unsymmetrical  bone,  articu- 
lated behind  with  the  sacrum,  in  front  with  its  fellow  of 

*  Posterior  sacro-coccyp;c,al.  t  Glutici  maxiiui. 

1  Auterior  branch  of  fifth  sacrah 

i  Sacro-sciatic.  II  Ischio-coccygei. 

•If  Ceutral  teuJon  of  sphincter  am  cxteruus. 

**  i'oslerior  fibres  of  levatores  aui. 
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the  opposite  side,  and  forming  the  anterior  and  lateral 
uoundarv  of  the  pelvis.  It  is  the  largest  of  the  fiat  bones, 
and  serves  as  a  fulcrum  to  the  lower  extremity. 

The  haunch  bone  presents,  near  the  middle  of  its  outer 
aspect,  a  large  cup-like  socket,  for  articulation  with  the 
head  of  the  thigh  bone.    From  this  socket,  as  from  a 
centre,  diverge  three  strong  branches  of  bone — viz.,  the 
IV.uin,  the  ischiuni,  and  the  jjiibes.    The  iliam  runs  from 
the  socket  upward  and  backward,  expanding  into  a  wide, 
lan-hke  plate.    The  pubis  runs  from  the  socket  hori- 
zontally   inward,   for  about    two    inches,   and  then, 
making  a  sudden  turn,  called  the  angle  of  the  puhes, 
runs  downward  for  about  the  same  distance.  The  ischium 
passes  from  the  socket  downward,  for  about  an  inch  and 
a  half,  expands  into  a  large  tuberosity,  and  then,  curving 
upward,  joins  the  descending  portion  of  the  pubes,  so  as 
:  i  enclose  with  it  a  large  space  called  the  obturator  fora- 
■iii.    These  three  portions  of  the  os  innominatum  are 
riginally  developed  as  separate  bones ;  and  the  socket, 
:Vom  which  they  diverge,  is  itseK  formed  by  their  union. 
That  part  of  each  bone  which  contributes  to  the  socket 
together  with  the  portion  immediately  adjacent),  is  called 
body.    The  expanded  portion  of  the  ilium  is  called  its 
"  (.    The  descending  portion  of  the  pubes  is  called  its 
rinus:  and  the  same  name  is  applied  to  the  ascending 
jrtion  of  the  ischium.    The  point  of  junction  between 
:e  ramus  of  the  pubes,  and  the  ramus  of  the  ischium,  is 
licated,  in  the  adult,  by  a  rough  eminence.    The  lines 
:  junction  between  the  three  bones  in  the  acetabulum, 
frequently  not  distinguishable  in  the  adult;  but  we 
•:hall  subsequently  state  the  proportion  which  each  bone 
';ontributes  to  that  cavity.    The  student  should  further 
oserve,  before  commencing  the  minute  examination  of 
"ne  haunch  bone,  that  its  middle  portion,  which  supports 
'he  socket,  is  narrow,  and  twisted  in  such  a  manner  that 
the  inner  surface  of  the  bone  looks  forvjard  upward  and 
inward,  aijfjve,  where  it  belongs  to  the  ilium ;  bachward 
Upward  and  inward,  below,  where  it  belongs  to  the  pubes 
and  ischium. 

207.  ITie  03  innominatum,  considered  as  a  whole,  pre- 
sents for  examination  two  bord'irs  and  four  surfaces. 

208.  Bor;)Kk.s.  Superior.  This  border  is  called  the 
■  cred  of  Ike  ilium.    It  is  curved  so  as  to  appcr  convex 

when  looked  at  sideways;  alternately  convex  and  concave, 
like  an  italic  /,  when  surveyed  from  above.    It  is  thick, 
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especially  towards  tlie  extremities,  so  that  it  may  be 
described  as  having  an  internal  and  an  external  Up, 
separated  by  a  narrow  hderval.  Each  of  these  three 
divisions  gives  attachment  to  muscles.*  The  crest  ol  the 
ilium  terminates  at  each  end  in  a  jjromiiient  angle.  The 
anterior  of  these  angles  is  called  the  anterior  superior 
spinous  process  of  tlie  iliuiii ;  it  may  be  felt  distinctly 
under  the  integuments  during  life ;  it  gives  attachment 
to  two  musclesf  and  a  ligament. J  The  posterior  angle, 
which  is  larger  and  thicker  than  the  anterior,  is  called  the 
posterior  superior  sijino-us  process  of  the  ilium:  it  gives 
attachment  internally  to  strong  ligaments. §  Anterior. 
This  border  is  irregularly  concave ;  its  outer  half,  which 
belongs  to  the  ilium,  is  inclined  from  above  downward 
and  inward;  its  inner  half,  which  is  formed  by  the 
body  of  the  pubes,  is  horizontal.  It  forms,  by  its  junc- 
tion with  the  crest,  the  angle  that  has  just  been  de- 
scribed as  the  anterior  superior  spinous  process  of  tlie 
ilium.  It  presents,  just  below  this  process,  a  notch,  which 
gives  attachment  to  a  muscle, II  and  transmits  a  nerve.Tf 
Below  the  notch  there  is  another  prominence,  called 
the  anteriur  inferior  spinous  process  of  the  ilium,  to  which 
a  tendon**  is  attached.  Below,  and  internal  to  this  notch, 
appears  a  wide  shallow  groove,  over  which  a  tendonft 
slides.  This  groove  is  bounded  internally  by  a  rough 
eminence,  called  the  ilio -pectineal  eminence,  which  indi- 
cates the  junction  of  the  pubes  and  the  ilium,  and  gives 
insertion  to  a  muscle.J J  Further  inward  is  the  smooth, 
triangular,  upper  surface  of  the  body  of  the  pubes,  wider 
externally  than  internally,  and  limited  behind  by  a  sharp 
edge,  which  forms  the  jaubic  portion  of  the  linea  ilio- 
pectinea.  (209)  At  the  inner  end  of  this  surface  is  seen 
a  short  horizontal  ridge,  which  attaches  several  muscles,§§ 
and  is  called  the  crest  of  the  pubes.    This  ridge  terminates 

*  Outer  Up.  Obliquus  externus  abdominis  iu  front,  l.itissimus 
dorsi  behind,  fascia  liita  in  its  whole  length.  Inner  Up.  Trans- 
versalis  abdoiuinis  iu  front,  quadratus  lumborura  behind.  Inlerral 
between  the  Ups.    Obliquus  iuternus  in  front,  erector  s\imx  bohiud. 

t  Tensor  vagina;  feuioris,  and  part  of  sartorius.         J  Poupart's. 

§  Long  and  short  sacro-iliac.  ||  Sartorius.  ^  External  cutuiiiHius. 
Straight  tendon  of  rectus  (the  external  tendon  of  which  is 
attached  to  some  irregularities  just  above  tlie  acetabulum). 

•ft  United  tendon  of  iliacus  internus,  and  psoas  magniis. 

Jt  Psoas  parvus.  ,    ,  ,• 

5§  Eectus  abdominis,  and  pyramidalis,  also  part  of  obhquus  m- 
teruuB,  and  trausversalis. 
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internallv  at  the  angle  of  the  ^pnhes  (foimed  by  the  junc- 
tion of  the  body  and  the  ramus),  and  externally  at  a 
tubercle,  called  the  spine  of  the i^i^lies,  which  projects  for- 
ward, and  gives  attachment  to  a  ligament.*  Inferior. 
Extends  tVom  the  angle  of  the  pubes  to  the  tuberosity  of 
the  ischium.  Its  upper  third  is  vertical,  and  presents  an 
oval,  uneven  surface,  which  is  united  to  the  similar  sur- 
face of  the  opposite  bone,  by  the  intervention  of  a  fibro- 
cartilage.  forming  the  articulation  called  the  symphysis 
pubis.  This  articular  surface  often  j^resents  eight  or  nine 
transverse  ridges,  separated  by  grooves.  Jn  a  few  speci- 
mens I  have  observed,  instead  of  ridges,  a  series  of  nijaple- 
shaped  eminences,  regularly  arranged  in  hoi-izontal  rows, 
of  three  or  four  each.  This  curious  structure,  which 
anatomical  writers  have  not  hitherto  described,  is  doubt- 
less intended  to  enable  the  ioterpubic  fibro-cartilage,  by 
sending  in  its  fibres  between  those  mastoid  tubercles,  to 
take  a  firmer  hold  of  the  bone.  The  remainder  of  the 
iaferior  margin  slopes  downward  and  outward,  and  forms 
with  the  corresponding  margin  of  the  o^Dposite  bone,  the 
pubic  arch.  This  margin  is  nearly  stniight  in  the  male  ; 
in  the  female  it  is  concave,  more  oblicpiely  placed,  and 
turned  somewhat  forward,  so  as  to  present  a  smooth  sur- 
face, rather  than  a  sharp  edge  towards  the  pubic  iuterval. 
This  border  attaches,  .superiorly  a  muscle.t  interiorly  a 
part  of  the  organs  of  generation.4;  Posterior.  This  bor- 
der ertends  from  the  posterior  superior  spinous  process 
of  the  ilium  to  the  tuberosity  of  the  ischium.  It  is  ex- 
ceedingly uneven.  It  presents,  immediately  below  the 
posterior  superior  spinous  process  of  the  ilium,  a  small 
ol.ch ;  and  below  this  again,  a  small  thin  eminence, 
called  the  pjosterior  inferior  spinous  process  of  the  ilium. 
Below  this  i.s  a  very  large  deep  notch,  called  the  cjreat 
sciatic  notch,  which  transmits  a  muscle, §  nerves, ||  and 
vf;s.sel.s,  I  and  contributes  to  form  what  the  student  will 
hereafter  know  as  the  greoA  sciatic  hole.  This  notch  is 
bounded  below  by  a  sharp  triangular  eminence,  called 
'ne  spinous  /process  of  the  ischium.  It  is  directed  down- 
•■•ard,  backward,  and  inward,  and  gives  attachment  to 
muscles^  and  ligaments.**    J3eneath  this  procisa  is  ob- 

•  I'oupart'.'j.  f  Oraoilis. 

X  Cms  ari'l  urector,  punU  in  tljf;  malo,  rlitoriilh  in  fciiialo. 
§  Pyrifonrnis.  j  Gluta?al,  sciatic,  ami  iiiliTiial  pudic. 

•f  Ot^melln.s  snperior,  levator  ani.and  iacbio-coccyguus. 
*•  Lesser  sacro-sciatic. 
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served  the  lesser  sdatic  notch,  a  smooth  depression,  over 
which  a  tendon*  turns  ;  it  is  covered,  in  the  recent  state, 
with  cartilage,  and  contributes  to  form  the  lesser  sciatic 
foramen.  Below  this  notch  there  is  a  broad  rough  emi- 
nence, situated  at  the  junction  of  the  posterior  and  in- 
ferior borders,  and  called  the  iuhorosity  of  the  ischium. 
This  tuberosity,  like  the  crest  of  the  ilium,  has  two  lips, 
and  an  intermediate  rough  surface,  each  giving  attach- 
ment to  muscles. t  The  inner  lip  of  the  tuberosity,  and 
the  corresponding  edge  of  the  ascending  ramus  of  the 
ischium,  project  backward  a,  little  into  the  cavity  of  the 
pelvis,  so  as  to  form  a  slight  groove,  which  is  deepened 
in  the  recent  subject  by  aligament.J  and  lodges  important 
vessels  and  nerves. §  The  tuberosity  of  the  ischium  forms 
the  lowest  angle  of  the  os  innominatum,  and  is  the  part 
upon  which  we  rest  in  sitting. 

209.  Surfaces.  Interior  or  Pelvic.  Presents,  pos- 
teriorly, some  rough  depressions  for  the  insertion  of  liga- 
ments, 1|  and,  in  front  of  these,  a  semilunar  surface,  which 
articulates  with  the  auricular  surface  of  the  sacrum. 
The  remainder  of  this  aspect  is  divided  into  two  por- 
tions by  a  curved  line,  which  runs  forward  from  the  ar- 
ticular surface  just  mentioned  to  the  spine  of  the  pubes. 
This  is  the  linea  ilio-j)ectinea.  That  jjart  of  it  which 
belongs  to  the  ilium  is  rounded,  but  the  pubic  portion  is 
very  sharp,  and  gives  attachment  to  two  musclesTTand  a 
ligament.**  Above  this  Une  there  is  a  smooth,  concave 
surface,  du'ected  forward,  upward,  and  inward,  perforated 
near  the  middle  by  the  foramen  for  the  medullary  artery, 
and  filled  in  the  recent  state  by  a  large  muscle. ft  It  is 
called  the  internal  iliac  fossa,  or  venter  of  the  ilium,  and, 
as  we  shall  afterwards  see,  belongs  to  the  false  pelvis. 
Below  the  linea  ilio-pectinea  we  find,  jjosteriorly,  a  smooth 
concave  sui-face,  covered,  in  the  recent  subject,  by  two 
muscles  and,  in  front  of  this,  the  ohturator  foramen. 
This  hole  is  large,  and  of  an  oval  shape,  in  the  male ; 


»  That  of  the  obturator  intemus. 

t  Outer  lip.  Quadratiis,  and  adductor  uiagnus.  Inner  lip.  In- 
ferior gemellus,  and  transversalis  pcriua}!  muscles,  and  great 
sacro-sciatic  ligameut.  Intermedialv  surface.  Long  head  of  biceps, 
semitendinosus,  and  semimembranosus. 

t  A  process  of  the  greater  sacro-sciatic  ligameut. 

§  Pudic.  II  S.acro-sciatic. 

If  Pectineus,  and  part  of  psoas  parvus.  ■»•  Gimbornat's.  _ 

■ft  Iliacus  internus.        Jt  Obturator  iutemus,  and  levator  ani. 
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smaller,  and  triangular,  -witli  ronnded   angles,  in  the 
female.    It  has  a  thin,  uneven  circumference,  interrupted 
at  the  upper  and  outer  part  by  a  groove,  called  the  (jroove 
of  the  obtiinitor  foremen,  which  passes  from  the  interior 
(5  the  pelds.  forward,  inward,  and  a  little  downward,  and 
serves  to  transmit  vessels  and  a  nerve.*    The  greatest 
diameter  of  the  obturator  hole  is  directed  downward  and 
outward.    In  the  recent  subject  it  is  closed  by  a  fibrous 
1  membrane,  except  at  the  groove.     Each  surface  of  the 
I  membrane  gives  attachment  to  a  muscle.f  The  obturator 
!  foramen  is  bounded,  above,  by  the  body  of  the  pubes ; 
'  telow  and  externally,  by  the  body  of  the  ischium  ;  inter- 

■  nally,  by  the  united  rami  of  the  ischium  and  pubes.  Ex- 
.  terior.    The  posterior  and  upper  part  of  this  surface 

looks  backicanl,  downward,  and  outward  :  while  its  an- 
•  terior  and  inferior  portion  is  directed  forward,  downward, 
and  outward.    Posteriorly,  it  presents  the  smooth,  exter- 
nal surface  of  the  ilium,  which  undulates,  so  as  to  be 

■  concave  behind,  and  slightly  convex  in  front.  This  sur- 
face, which  is  called  the  dorsum  of  the  ilium,  or  the  ex- 
ternal iliac  fossa,  is  traversed  by  three  curved  lines, 
called  the  superior,  middle,  and  inferior,  semicircular 
lines  of  the  ilium.  The  superior  semicircular  line  com- 
mences at  the  crest  of  the  ihum,  two  inches  in  front  of 
its  posterior  extremity,  and  runs  downward,  to  terminate 
at  the  back  part  of  the  great  sciatic  notch,  just  in  front 
of  the  posterior  inferior  spinous  process.  Its  upper  ex- 
tremity is  well  marked,  but  it  becomes  indistinct,  often 
quite  imperceptible,  below.  Between  this  line  and  the 
outer  lip  of  the  crest,  Ues  a  narrow  rough  surface,  which 
gives  attachment  to  part  of  a  large  muscle.;];  The  middle 
semicircular  line  is  the  longest  and  most  distinctly 
marked  of  the  three.  It  commences  at  the  crest  of  the 
ilium,  two  inches  behind  the  anterior  suj^erior  spinous 
process,  and  runs  from  thence  backward  and  downward, 
to  terminate  at  the  posterior  part  of  the  great  sciatic 
notch.  The  irferior  semicircular  line  commences  at  the 
anterior  inferior  spinous  process,  or  at  the  notch  ]ust 
above  it,  and  runs  from  thence  backward  and  downward 
to  the  anterior  part  of  the  great  sciatic  notch.  These 


•  OV^turator  v.-ss'j1s  and  norve. 
t  The  posterior  surfaci  to  the  obturator  iuturnus.    Tbo  antorior 
•nrface  to  the  obturator  '^xt'jrnu.t. 

t  Glutxus  maximus. 
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lines  give  origiu  to  tlie  aponeurotic  fibres  of  three  muscles, 
and  the  intervening  surfaces  give  origin  to  their  fleshy 
fibres.* 

Proceeding  downward  and  forward  from  the  iliac  fossa, 
we  come  to  the  cuiyloid  cavity,  or  acefahulum,  a  hemi- 
spherical, articular  excavation,  about  two  inches  and  a 
half  in  diameter,  directed  downward,  outward,  and  for- 
ward, covered  with  cartilage,  except  at  a  large  rough 
depression  at  the  bottom,  and  circumscribed  by  a  pro- 
minent uneven  margin,  which  is  interrupted  internally 
by  a  deep  notch,  called  the  cotyloid  notch.  This  cavity 
is  articulated  with  the  head  of  the  femur.  Its  circum- 
ference supports  a  fibro-cartilaginous  brim,  which  deepens 
the  cavity,  and  contracts  its  orifice.  The  cotijlotd  notch 
gives  attachment,  by  its  borders,  to  the  inter-articular 
ligament  rf  it  is  converted  into  a  hole  by  the  fibro-cartilage 
of  the  brim,  which  stretches  across  it  like  a  bridge.  The 
hole  thus  formed  transmits  nutrient  vessels  into  the  joint. 
The  non-articular  depression  extends  from  the  cotyloid 
notch  to  the  centre  of  the  cavity.  It  presents  several 
nutrient  foramina,  and  lodges  a  fatty  substance.^  the  use 
of  which  is  unknown.  The  acetabulum  is  formed  in  front 
by  the  pubes,  below  by  the  ischium,  and  alcove  by  the 


»  The  glutiEiis  maximus  is  attacliQd  to  the  upper  curvod  line,  and 
to  the  small  surface  between  it  and  the  crest  of  the  ilium.  Tlie 
glutajus  medius  is  attached  to  the  middle  curved  line,  and  to  the 
surface  Ijctween  it  and  the  upper  curved  Hue.  The  gluta;us  mini- 
mus arises  from  the  inferior  curved  line,  and  from  the  surface 
between  it  and  the  middle  curved  line.  The  surface  between  the 
lower  curved  line  and  the  acetabulum,  is  covered  by  the  glutseus 
minimus,  but  does  not  give  origiu  to  its  fibres.  Of  these  three 
curved  lines,  the  French  anatomists  in  general  recoguise  only  the 
two  upper;  while  the  English  anatomists,  on  the  contrary,  usually 
describe  only  the  two  lower.  What  we  have  here  descriijed  as  the 
middle  line,  is  called  the  lower  by  Cloquet  and  Cruveilliier,  and  the 
upper  by  Qualn.  To  increase  the  ambiguity  thus  created,  the  upper 
and  middle  lines  have  sometimes  both  been  described  as  superior, 
in  different  parts  of  I  he  same  work  (compare,  for  instance,  pages 
230  and  232  of  the  Dnblin  JJinscctor).  These  discrepancies  are  of 
no  great  importance  in  themselves,  but  they  are  likely  to  mislead 
the  student  as  to  the  attacbment  of  the  gluteal  muscles  ;  for  which 
reason  it  is  that  they  are  here  pointed  out. 

t  Ligamentum  teres. 

}  One  of  the  so-called  glands  of  Havers.  (The  nature  of  these 
fatty  bodies  is  still  a  matter  of  dispute.  Their  glandular  structure, 
which  is  denied  by  IWclard,  .and  by  most  other  modern  physio- 
logists, has  been  lately  reasserted  by  Heyligei-s.) 
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ilium-  the  piibes  contributing  one-fifth,  the  ischium  a 
little  '  more  than  two-tifths,  the  ilivim  a  little  less 
than  two-tifths,  to  the  entire  dimensions  of  the 
cavity  Ibove  the  acetabulum  is  a  rough  impression, 
indicatincr  the  attachment  of  a  tendon*  To  its  inner 
side  is  the  obturator  foramen,  already  described.  Below 
the  okurator  foramen  appear  the  outer  surface,  and  the 
f,<b->rositii,  of  the  ischium ;  and  between  the  tuberosity  and 
the  mart^in  of  the  acetabulum,  there  is  a  smooth  hoiizontal 
c-roove.  m  which  a  teudonf  glides.  To  the  inner  side  of  the 
obturator  foramen,  is  the  anterior  surface  of  the  united 
rami  of  the  ischium  and  pubes,  wider  above  and  below 
than  in  the  middle,  where  it  presents  a  rough,  horizontal 
ridge,  indicating  the  junction  of  these  originally  separate 
portions  of  bone. 

This  surface  trives  attachment  to  muscles.}  Above 
the  obturator  foramen  is  the  triangular  anterior  surface 
of  the  body  of  the  pubes,  limited  infernally  by  the  spine 
and  cr^st  of  the  pubes;  externally  by  the  iho-pectmeal 
.eminence;  behind  by  the  posterior  border  of  the  pubes 
(which  forms  the  pubic  portion  of  the  linea  ilio-pectmea) ; 
in  front  by  the  anterior  border  of  the  pubes,  which  extends 
from  the  spine  of  the  pubes  to  the  upper  border  of  the 
cotyloid  notch,  and  forms  the  anterior  lip  of  the  groove 
of  the  obtuator  foramen. 

210.  Structure.    Of  loose  reticular  tissue,  enclosed 
between  two  compact  layers.    At  the  centre  of  the  iliac 
fossa,  and  at  the  bottom  of  the  acetabulum,  the  bone  is 
rhin,  semi-transparent,  and  composed  entirely  of  compact 
tissue.    In  the  neicrhbourhood  of  the  acetabulum,  at  the 
tuberosity  of  the  ischium,  and  indeed  at  all  the  thicker 
parts,  the  bone  is  perforated  with  many  large  nutrient 
foramina.  DEVELOPiiENT.  The  iliuni,  ischium,  and  pubes, 
are  eacn  developed  by  a  separate  point.    The  crest  of  the 
ilium,  the  tuberosity  of  the  ischium,  the  anterior  inferior 
spinous  process  of  the  ibum,  and  sometimes  the  angle  oi 
the  pubes,  are  developed  as  epiphyses,  each  by  a  separate 
centre  of  ossification.    (The  epiphysis  of  the  tuberosity 
of  the  ischium  e.xtends  also  along  the  inner  border  of  its 
ascending  ramus.)  , 
Besides  these  seven  ossific  points,   M.    Serres  has 

•  Th';  '■•xt<;rnal  curvf;'!  U^ri'lon  of  tlio  ntctus  fenioris. 
t  That  '.f  th'i  oV)tnra,tor  cxU-ntun. 

:  AMnr:U,T  longu.i  above,  sKJ'luctor  brovis  in  tli';  rniddly,  adductor 
magnus  below. 
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described  one  for  a  portion  of  bone  wliich  fills  up  the 
Y-sbaped  interval  between  the  ilium,  ischium,  and  pubes, 
at  the  bottom  of  the  acetabulum.  The  ilium,  ischium' 
and  pubes,  unite  about  14  or  1.5  years  after  birth.  The 
epiphyses,  up  to  that  age  cartilaginous,  then  begin  to 
ossify,  and  successively  unite  with  the  bone  ;  generally 
at  22,  but  sometimes  not  till  25  years  after  birth,  the  con- 
solidation of  the  innominatum  is  complete.  Articula- 
tions. With  the  sacrum,  the  femur,  and  its  fellow  of  the 
opposite  side. 

OP  THE  PELVIS  IN  GENERAL. 

211.  The  four  bones  which  we  have  just  described  form, 
by  their  union,  a  large,  bason-like  cavity,  open  above  and 
below,  situated  in  an  inclined  position  between  the  spine 
and  lower  extremities,  and  divided  by  the  linea  innominata 
into  a  superior,  expanded  portion,  called  the  false  pelvis, 
and  an  inferior,  narrow,  deep  cavity,  called  the  true 
pelvis* 

OF  THE  FALSE  PELVIS. 

212.  The  false  pelvis  has  no  anterior  wall,  but  presents 
ia  front  a  wide  gap,  extending  from  the  anterior  superior 
spinous  process  of  one  os  innominatum  to  the  correspond- 
ing point  on  the  opposite  side.  Its  posterior  wall  is  also 
deficient  in  the  middle,  opposite  the  sacro-vertebral  angle. 
Its  lateral  walls  are  formed  by  the  alas  of  the  ossa  in- 
nominata. It  jDresents  for  examination  an  interior  and 
exterior  surface,  an  upper  and  a  lower  circumference,  and 
a  cavity. 

213.  Surfaces.  Interior.  Presents,  on  each  side,  the 
internal  iliac  fossa,  and  posteriorly,  in  continuity  with 
that  fossa,  the  smooth,  upper  asi^ect  of  the  lateral  mass 
of  the  sacrum.  These  two  jjarts  together  form  a  -wide 
concave  surface,  traversed  by  the  sa.rro-iliac  sijmpJiijsis, 
and  directed  inward,  upward,-  and  forward ;  by  which 
obliquity  it  is  adapted,  partly  to  support  the  intestines, 
partly  to  throw  their  weight  forward  against  the  anterior 


*  In  examiuiug  the  pelvis  detached  from  the  skeleton,  cue  is  .ipt 
to  place  it  in  a  horizontal  position,  resting  on  tlie  coccyx  and  the 
tuberosities  of  the  ischia.  It  is  better  to  retain  it  as  nearly  as 
possibly  in  its  natural  oblique  position  ;  so  that  the  true  inclina- 
tion and  aspect  of  its  surfaces,  &c.,  may  bo  constantly  present  to 
the  eye. 
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wall  of  the  abdomen.  This  surface  gives  origin  to  a  pair 
of  large  muscles.*  Exterior.  Presents  on  each  side  the 
dorsum  of  the  ilium,  alternately  convex  and  concave, 
marked  with  the  three  semicircular  lines,  and  affording 
attachment  to  several  muscles. f 

'214:.  CiRCUirrERENCES.  Superior.  Formed  chiefly  by 
the  crest  of  the  ilium,  which  terminates  in  front  at  the 
anterior  superior  sptinous  process.  Below  this  appears 
the  anterior  inferior  sj^inoics  process,  sepai-ated  by  a  notch 
from  the  superior,  and  by  a  wide  shallow  groove  from  the 
Ueo-pectineal  eminence.  This  circumference  attaches 
numerous  muscles.J  Inferior.  Identical  with  the  hrhn, 
of  the  true  pelvis,  under  which  designation  it  will  be 
described.  (218) 

215.  Cavity.  When  the  false  pelvis  is  completed  in 
front  by  the  abdominal  muscles  and  fascice,  it  presents  a 
wide  shallow  cavity,  with  its  longest  diameter  transverse, 
and  its  aris  directed  obliquely  from  above  downward  and 
backward.  In  the  skeleton  this  cavity  is  very  imperfect ; 
indeed  it  may  be  doubted  whether  a  space  lying  iDctween 
two  lateral  plates  of  bone,  but  having  no  definite  boun- 
daries before  and  behind,  deserves  the  name  of  a  cavity — - 
still  more,  whether  it  has  any  ascertainable  axis.  Each 
iliac  fossa  supports  a  part  of  the  alimentary  tube,§  and 
the  intervening  space  is  filled  with  the  convolutions  of 
another  portion  of  the  same  canal.|| 

OP  THE  TRUE  PELVIS. 

21G.  The  true  pelvis  is  a  smaller  cavity  than  the  false, 
bat  its  osseous  boundaries  are  more  perfect.  Its  posterior 

*  Iliaci  intferni ;  wljich  arise  from  the  internal  iliac  fossa. 

f  Gluteus  maximus,  mediua,  and  minimus,  and  curved  tendon  of 
rectus  femoris.  (For  a  particular  account  of  the  attachment  of 
these  mu.scles,  see  note  *,  page  IGU.) 

t  The  crest  gives  attachment  to  the  latissimus  dorsi,  the  obliquus 
ext*:nin3  and  intemus,  the  transversalis,  the  quadnitus  lumborum, 
and  the  common  commencement  of  sacro-lunibalis,  longissimus 
doTsi,  and  spinalis  dorsi,  the  anterior  superior  spinous  process  to 
the  tens'^r  vaginae  femoris,  Poupart's  ligament,  and  a  few  fibres  of 
thesartorius;  the  notch  beneath  it  to  the  sartorius ;  the  anterior 
inferior  spinous  pro<;es8  to  the  straight  tendon  of  the  rectus;  the 
fleo-pfctineal  eminence  to  the  psoas  parvus.  The  groove;  between 
the  two  last-rnentioned  eminences  transmits  the  united  tendon  of 
the  iliacus  intemus  and  psoas  magnus. 

§  The  ri^ht  iliac  fossa  supports  the  ca;cum,  the  left  the  sigmoid 
flexure  of  the  colon.  ||  Tho  ileum. 
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wall  is  foi-med  by  the  sacrum  and  coccyx,  and  is  about 
five  inches  in  depth.  Its  anterior  wall  in  the  median 
line  corresponds  to  the  symphysis  pubis,  and  is  not  more 
than  an  inch  and  a  half  deep;  it  widens,  however,  on 
each  side,  where  it  is  formed  by  the  ischium  and  pubes, 
and  presents  the  obturator  foramen.  Each  lateral  wall 
is  formed  by  that  portion  of  the  ilium  which  lies  below 
the  linea  ilio-pectinea,  and  has  its  extent  diminished  by  a 
large  and  deep  notch,  called  the  sacro-sciatic  notch.  This 
notch  belongs,  in  the  skeleton,  to  the  inferior  outlet  of 
the  pelvis  ;  but  in  the  recent  subject,  it  is  separated  from 
that  aperture  by  a  strong  ligament,  which  stretches  across 
from  the  sacrum  to  the  tuberosity  of  the  ischium,  con- 
verting the  notch  into  a  hole,  and  considerably  diminish- 
ing the  extent  of  the  outlet.  The  true  p)elvis  presents 
for  consideration  two  surfaces,  two  circumferences  and  a 
cavity. 

217.  SuRPACES.  Interior.  Presents  posteriorly  the  con- 
cave anterior  surface  of  the  sacrum  and  coccyx ;  on  which 
are  observed,  in  the  median  line,  the  bodies  of  the  sacral 
iiud  coccygeal  vertebrte ;  external  to  these  on  each  side 
the  anterior  sacral  foramina,  for  the  transmission  of 
nerves  ;*  and  beyond  these  the  anterior  surface  of  the 
lateral  mass  of  the  sacrum,  marked  with  shallow  hori- 
zontal grooves  for  the  reception  of  nerves,*  and  with  sHght 
eminences  which  separate  the  grooves,  and  give  origin  to 
the  digitations  of  a  muscle. f  Immediately  external  to 
the  sacrum  is  the  sacra-iliac  symphysis.  Proceeding  for- 
ward, we  come  to  the  lateral  wall,  scarcely  an  inch  deep 
above  the  sacro-sciatic  notch,  where  it  belongs  to  the 
ihum,  gradually  widening  in  front  of  that  notch,  where  it 
presents  the  roughened  line  of  junction  between  the  ilium 
and  ischium.  Passing  to  the  anterior  wall,  we  observe, 
in  the  median  line,  the  symi^hijsis  pubis :  extei'nal  to  this, 
the  posterior  surface  of  the  united  rami  of  the  ischium 
and  pubes,  marked  in  the  middle  with  the  transverse  ridye 
that  indicates  their  union;  and  beyond  these  the  o?)^((i'ator 
foramen,  with  its  thin  uneven  circumference,  interrupted 
above  by  a  groove  for  the  transmission  of  vessels  and  a 
nerve. +  Above  the  obturator  foramen  is  the  posterior 
surface  of  the  body  of  the  pubes,  wide  at  its  inner  ex- 
tremity, gradually  narrowing  as  it  passes  outward.  Ex- 
ternal to  the  obturator  foramen  is  a  wide  smooth  surface, 


Autorior  sacral. 


t  PjTiformis.  t  Obturator. 
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r>longing  cliiefly  to  the  iscliium,  but  completed  above  by 
the  bod/  of  the  pabes,  and  of  the  ilium.  This  surface 
corresponds  to  the  back  of  the  acetabulum,  and  often 
:  resents  three  roughened  lines  which  indicate  the  iinion 

f  the  three  portions  of  the  os  innominatum.  It  is  covered 
ill  the  recent  subject  by  two  muscles.*.  Beneath  the 
obturator  foramen  is  a  smooth  surface  belonging  to  the 
body  of  the  ischium,  and  bounded  below  by  the  inner  lip 
of  the  tuberosity.  This  lip,  and  the  margin  of  the  ramus 
with  which  it  is  continuous,  project  a  little  into  the  cavity 
the  pelvis,  so  as  to  form  a  slight  groove,  which,  when 
l-i-epened  by  a  ligamentf  lodges  important  vessels  and 
:-erves.j  The  surface  which  surrounds  the  obturator 
:  Tamen,  and  the  membrane  which  closes  that  hole,_  give 
attachment  to  a  muscle.§  Exterior.  Presents,  posteriorly, 
:he  convex  uneven  surface  of  the  sacntm  and  coccyx,  on 
■vhich  are  observed,  in  the  median  line,  the  row  of  sacral 
spinous  processes ;  below  these,  the  terminal  groove  of  the 
-acral  canal,  and  the  posterior  surface  of  the  coccyx.  Ex- 
t-mal  to  the  spinous  processes  on  each  side  is  the  sacral 

■roove,  continuous  with  the  vertebral  groove  of  the  spinal 

olnmn,  and  bounded  externally  by  the  tubercles,  which 
represent  the  transverse  irrocesses  of  the  sacral  vertebras. 
This  groove  is  perforated  by  the  posterior  sacral  foramina 

for  the  transmission  of  nei-ves||)  and  presents  the  coa- 
-  isced  laminre  of  the  sacral  vertebrfe,  and  the  row  of  arti- 

'dar  processes;  the  two  uppermost  well  developed,  and 
articulated  to  the  last  lumbar  vertebra ;  the  two  lower- 
most (called  the  horns  of  the  sacrum)  prolonged  downward 
i  to  meet  the  ascending  horns  of  the  coccyx;  the  others 
I  mere  rudimentary  tubercles.  On  each  side  of  the  sacrum 
appears  the  posterior  extremity  of  the  ala  of  the  ilium, 
projecting  backward  so  as  to  form,  with  the  lateral  surface 
■  n  the  sacrum,  a  deep  groove,  filled  in  the  recent  subject 
-vith  abort  strong  ligaments^  which  hold  the  two  bones 
together.  Proceeding  forward  we  obsei-ve,  1st,  the  dorsum 
of 'the  iU.ura,  of  which  only  a  small  portion  belongs  to  the 
true  pelvi.H ;  2ndly,  the  exterior  surface  of  the  body  of  the 
'  -■chimn;  and  thirdly,  the  ncetahuhim,  wth  its  prominent 
•j.rr.v.mference,  its  cotijloid  notch,  and  its  central_no7i-arti- 
cnlar  depression.    Internal  to  the  acetabulum  is  the  oh- 


*  L'^vntor  ani,  and  obturator  intflrnns. 

t  A  proo'-sa  of  the  great  Hacro-Huiati';  ligamnnt. 

i  Inr.fTTial  pn'lif;.  §  Obturator  intiTniis. 

I)  Posterior  branches  of  sacral.  1  Posterior  sacio-iliac. 
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tti/rator  foramen,  bounded  by  the  bodies,  and  rami,  of  tie 
ischium  and  imhes.  Below  the  acetabulum,  and  lying 
between  its  border  and  the  tuberosity  of  the  ischium,  is  a 
groove  for  the  tendon  of  a  muscle.*  The  exterior  surface 
of  the  true  pelvis  gives  attachment  to  several  muscles.f 

218.  CiRCUMFEHENCES.  SKfjerlor.  This  circumference 
is  usually  called  the  brim  of  the  true  pelvis.  It  is  fonned 
by  the  ileo-pectineal  line  of  the  os  innominatum,  com- 
pleted iposteriorly  by  the  rounded  anterior  border  of  the 
base  of  the  sacrum,  and  by  the  sacro-vertebral  angle; 
anteriorly  by  the  s^j  wie  and  crest  of  the  pubes.  This  circum- 
ference is  traversed  by  the  pubic,  and  sacro-iliac  symphyses, 
and  loresents  on  each  side  the  posterior  extremity  of  the 
ilio-pectineal  eminence.  It  affords  attachment  to  several 
muscles  and  ligaments,^  and  circumscribes  a  space  called 
the  abdominal  strait,  or  inlet  of  the  true  j^elvis.  This 
aperture  would  be  oval,  but  for  the  sacro-vertebral  angle, 
which  projects  forward  posteriorly,  so  as  to  render  it 
kidney-shaped.  It  has  four  principal  diameters ;  an 
antero-posterior,  measured  from  the  sacro-vertebral  angle 
to  the  symphysis  pubis ;  a  transverse,  caiTied  across  so 
as  to  indicate  its  greatest  width  ;  and  two  oblique,  each 
passing  from  one  ileo-pectineal  eminence  to  the  sacro- 
iliac symphysis  on  the  opposite  side.  Of  these  diameters 
the  transverse  is  the  most  considerable,  the  oblique  the 
next  in  length,  and  the  antero-j^osterior  the  shortest. 
Inferior.  This  circumference  ^jresents  three  eminences, 
separated  by  three  deej^  notches.  Of  the  eminences, 
one  is  posterior,  and  formed  by  the  sacrum  and  coccyx ; 
the  other  two  are  lateral,  and  formed  by  the  two  ischia. 
At  the  summit  of  the  first  eminence  is  seen  the  extremity 
of  the  coccyx ;  at  the  summits  of  the  two  latter  are  the 
broad,  rough  tuberosities  of  the  ischia.  Of  the  notches, 
cue  is  anterior  and  angular,  bounded  on  each  side  by  the 
rami  of  the  ischium  and  jjubes,  and  above  by  the  sym- 
physis pubis.  This  is  called  the  puhic  arch.  The  other 
two  are  lateral  and  curved,  formed  by  the  sacrum  and 

•  Obtm-ator  exteruus. 

f  By  the  sacrum  it  gives  attachmeut  to  the  sacro-Iurabalis,  latis- 
simus  and  longissimus  dorsi,  and  ghitaius  maxiuuis  ;  hy  the  ilium 
to  the  glutseus  maximus,  medius,  aud  miuimus ;  by  the  anterior 
surface  of  pubes  and  ischium,  to  the  obturator  externus,  gracilis, 
adductor  brevis,  longus,  and  mngnus. 

t  By  the  linea  ileo-peetinea  to  the  levator  ani,  psoas  parvus,  and 
pectiueus  muscles,  and  to  Gimberuat's  ligament.  By  tlie  spine  of 
the  pubes  to  Poupart's  ligameut,  aud  by  the  crest  of  the  pubes  to 
the  rectus,  and  pyramidalis  abdominis. 
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coccyx  behind,  by  the  icbium  in  front,  and  by  the  ilium 
above.    They  are  called  the  sacro-sciatic  notches.  Each 
is  subdivided  by  the  spine  of  the  ischium  into  two  parts: 
a  superior,  larger,  called  the  greater  sacro-sciatic  notch ; 
an  interior,  comparatively  inconsiderable,  called  the  lesser 
sacro-sciatic  notch.    The  margins  of  these  sacro-sciatic 
notches  are  thin;  the  margin  of  the  pubic  arch  is  thicker, 
and  dedected  a  little  outward.    This  irregular  circumfe- 
rence gives  attachment  to  several  muscles  and  ligaments,* 
and  encompasses  a  space  called  the  perincsal  strait,  or 
outld,  of  the  true  pelvis.    This  space  is  measured,  in  the 
skeleton,  by   only  two  diameters,  an  antero-posterior, 
drawn  from  the  tip  of  the  coccyx  to  the  symphysis  pubis ; 
a  transverse,  carried  from  one  ischiatic  tuberosity  to  the 
other.    In  the  recent  subject,  the  perina3al  strait  is  con- 
siderably altered  in  shape  and  dimensions,  by  the  pi-esence 
of  the  sacro-sciatic  hgaments,  which,  extending  from  the 
sacrum  and  coccyx  to  the  tiiberosity  of  each  ischium, 
fnrnish  two  straight  margins  for  its  posterior  boundaries, 
instead  of  the  deep,  sacro-sciatic  notches.    The  lozenge- 
shaped  aperture  thus   formed  is   measured  by  four 
diameters ;   an  antero-posterior,  and  a  transverse,  the 
same  as  those  described  above ;  and  two  ohlique,  each 
carried  from  the  tuberosity  of  the  ischium  on  one  side,  to 
the  centre  of  the  great  sacro-sciatic  ligament  on  the  other. 
Of  these  diameters,  the  oblique  and  the  transverse  are 
about  equal.   The  antero-posterior  varies  with  the  length 
and  rlirection  of  the  coccyx,  which  differ  considerably  in 
different  individuals;  it  is  also  susceptible  of  increase  and 
diminution,  on  account  of  the  mobility  of  the  coccyx.  In 
the  recent  suVjject,  the  perinsealis  smaller  than  the  abdo- 
minal .strait. 

219.  Cavity.  The  cavity  of  the  true  pelvis,  or  the 
pelvic  excavation,  is  deep  piosteriorly,  where  it  is  bounded 
by  the  sacro-coccygeal  column,  but  very  shallow  in  front, 


•  Tlie  sphincter  and  l';vatorcs  ani  are  attached  to  the  tip  of  the 
coccyx;  th<;  ischio-coccygei  to  the  .spine  of  each  i.scliiiuu,  and  to 
the  lateral  hx^rders  of  the  eoceyx  ;  the  gemellus  siipcrioi-  and  levator 
ani  to  the  spine  of  the  i.fchiiira;  the  gemellus  inferior,  senii-tendi- 
nosu.^,  semi-mernhranosu.s,  long  head  of  biceps,  quadralus  femoris, 
and  lower  fibres  of  adductor  magniis,  to  the  luberosily  of  the 
ischium;  the  cnjs  and  erector,  jinnin  \u  the  male,  t/Wo/K/w,  in  the 
female,  to  the  ramna  of  the  i.schium  and  pubes.  The  sacro-Kciatic 
ligaments  are  atta'died,  posteriorly,  to  the  lateral  border  of  the 
sacmrn  and  vx.cyx  ;  the  greater  Utking  hold,  in  front,  of  the 
tu/^.rosily,  the  lesser  of  the  iipirie,  of  the  ischium. 
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wliere  it  con-esponds  to  the  symphysis  pubis.  The  sacro- 
coccygeal column,  bending  forward  at  its  extremities,  con- 
tracts the  apertures  of  the  true  pelvis,  and  renders  its  cavity 
less  capacious  above  and  below  than  in  the  middle.  The 
lower  part  of  the  excavation  is  still  further  diminished  by 
the  inclination  of  the  walls  of  the  pelvis,  which  slope 
towards  each  other  from  above  downward.  The  two  aper- 
tures.  or  straits,  of  the  true  pelvis  are  inclined  in  different 
directions.  The  axis  of  the  upper,  or  abdominal  strait 
{i.e.  a  line  passing  at  right  angles  through  the  centre  of 
its  jjlane),  if  continued  downward,  would  fall  upon  the 
lower  third  of  the  sacrum ;  the  axis  of  the  lower,  or 
perina3al  strait,  if  prolonged  upward,  would  fall  on  the 
sacro-vertebral  angle,  intersecting  the  former  in  the 
middle  of  the  cavity.  To  convey  the  same  fact  otherwise, 
— if  the  planes  of  the  two  straits  were  continued  forward 
till  they  met,  they  would  form  an  acute  angle,  with  the 
apex  directed  forward.  A  brief  description  of  this  cavity 
might  run  thus  ; — the  pelvic  excavation  is  a  short  canal, 
more  capacious  above  than  below,  and  in  the  middle  than 
at  its  extremities,  curved,  so  as  to  present  a  convexity 
backward,  and  cut  off  very  obliquely  above  and  below,  so 
that  its  posterior  boundary  is  many  times  longer  than  the 
wall  by  which  it  is  limited  in  front. 

The  true  pelvis  is  occupied,  in  the  recent  sul:iject,  by  the 
urinary  bladder,  by  the  rectum,  and  by  a  portion  of  the 
organs  of  generation.  The  rectum  corresjjonds  to  the 
anterior  surface  of  the  sacro-coccygeal  column,  the  curva- 
ture of  which  it  follows.  The  bladder  lies  in  the  anterior 
part  of  the  cavity,  close  behind  the  sym^jhysis  pubis.  In 
the  female  the  womb  intervenes,  being  suspended  in  the 
midst  of  the  pelvis,  in  contact  with  the  bladder  anteriorly, 
and  with  the  rectum  behind.  The  passage  which  leads  to 
the  womb,  and  through  which  alone  its  contents  can  be 
discharged,  passes  through  the  lower  strait  of  the  pelvis ; 
through  which  strait,  therefore,  the  fa^tus  must  neces- 
sarily descend,  in  parturition.  The  female  ]ielvis  is 
adapted  to  the  performance  of  this  important  function,  by 
certain  peculiarities  of  form  and  size,  an  account  of  which 
will  be  found  in  the  following  section. 

DIFFERENTIAL  CnAKACTELlS  OF  THE  MALE  AND  FEMALE 
FELVIS. 

220.  The  male  pelvis  presents  a  narrow,  deep  excava- 
tion, with  small  ajjcrtures.    Its  bones  are  thick,  its  mua- 
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cular  impressions  are  ■well  marked,  its  angles  are  abrupt 
and  prominent,  and  its  general  aiDpearauce  is  that  of  a 
strong  framework,  adapted  to  afford  leverage  to  powerful 
muscles. 

The  female  pelvis  is  not  so  deep  as  that  of  the  male, 
but  exceeds  it  considerably  in  the  transverse,  and  antero- 
posterior dimensions.  Its  cavity  is  more  capacious,  its 
apertures  are  larger,  its  walls,  are  less  massive  and 
rough,  its  general  contour  is  less  angular  and  abrupt. 
The  iilx  of  the  ossa  innominata  spread  further  outward ; 
the  anterior  superior  spinous  processes  are  removed  to  a 
greater  distance  from  the  median  line,  as  also  are  the 
tuberosities  of  the  ischium,  and  the  acetabula ;  (whence 
the  prominence  of  the  hip  in  the  female.)  The  sacrum 
is  wider  and  less  curved,  and,  conseciuently,  the  sacro- 
vertebral  angle  less  prominent,  than  in  the  male.  The 
obturator  foramen  is  somewhat  triangular  in  form,  and 
of  a  smaller  size  than  in  the  male ;  the  ischiatic  spines 
project  less  into  the  pelvic  excavation;  the  coccyx  is  more 
movable  ;*  the  symphysis  pubis  not  so  deep.  The  upper 
aperture  is  more  nearly  circular,  and  its  margin  smoother, 
and  more  rounded.  The  pubic  arch  is  wider  and  more 
curved;  and  its  rami  are  everted,  so  as  to  present  shelv- 
ing surfaces,  rather  than  angular  edges,  to  any  object 
descending  through  the  pez-ineal  strait.  By  these  several 
peculiarities  of  form  and  sti-ucture,  the  female  pelvis  is 
adapted  to  permit  the  ex|3ansion  of  the  uterus  during 
pregnancy,  and  the  passage  of  the  child  in  parturition. 
The  following  table  of  the  average  comparative  dimen- 
sions of  the  male  and  female  pelvis,  according  to  the 
various  estimates  of  Meckel,  Cloquet,  and  Burns,  is  taken 
from  Qnain's  Anatomy. 


•  The  joints  of  the  female  pelvis  acquire  an  increased  mobility 
during  the  last  months  of  gestation;  the  symphysis  pubis,  and  the 
articulations  of  the  coccyx,  are  especially  relaxed.  This  change  is 
at  first  temporary,  but  after  frequent  cliildbeariug  it  becomes  por- 
nmneTit.  The  .same  cause  is  said  to  induce  occasionally  an  actual 
alteration  of  structure.  Of  this  a  very  remarkable  <;xaniple  lias 
been  notic;d  by  Cmveilhier,  in  the  pelvis  of  an  aged  female,  who 
had  borne  nineteen  children.  In  this  instance  the  articular  surlaces 
of  the  symphysis  pubis  had  come  into  contact,  and  tlie  inferior 
ligament  had  disappeared  ;  while  a  fibrous  capside  of  great  strength 
surronnded  the  joint  on  all  sides,  except  behind,  and  pennitted  a 
Very  considerable  motion. 
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•2-21.  Development.  Tlie  foetal  i^elvis  is  smaller  in 
proportion  than  that  of  the  adult.  Its  lesser  basin  is 
especially  diminutive,  in  accordance  with  the  rudimentary 
condition  of  the  organs  of  generation  which  it  contains. 
The  ala?  of  the  ossa  innominata  are  c^uite  flat.  The 
sacrum,  and  the  pubic  region,  are  very  narrow ;  so  that 
the  transverse  diameters  are  shorter,  in  proportion,  than 
the  antero-posterior. 
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* 

In  the 
iidiilt 
male. 

In  the 
adult 
female. 

In  the  "  not 
full-grown" 
iiiiausgetmch- 
seii.  (sex  and 
precise  age 
not  specified). 

X 

— 

z  ^   With  tbe  antero-pos- 
^  -    terior  diameter  of  the 
-=  ?   upper  strait  (measured 
='3   from  the  promontory  to 
t   the  upper  border  of  the 
^   symphysis    pubis)  an 

r^ZL  1    ^^"ith  the  antero-pos- 
=  =   terior  diameter  of  the 
~  H  lower  .strait  (measured 
■J  5  j  from   the  ti\y  of  the 
—  3  ,  coccyx    to    the  lower 
S  ^  1  border  of  the  symphysis 
^  -Z.  ^^pubi.H )  an  angle  of    .  . 

15.5° 

106°51 

150° 
101° 

154°  66 

N.B.  Tlio  inclined  line  of  each  strait,  falling  upon  the 
vertical  line  of  the  spine,  of  course  forms  with  it  into 
angles — an  upj^er  and  a  lower.  It  is  the  former  which 
Sa,e'f(:\f:  and  Welder  always  mean  when  they  speak  of  the 

neignngrswinkel "  (angle  of  inclination)  of  the  strait,  and 
to  which  the  measurements  in  the  above  Table  apply. 

N 
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Lastly,  the  foetal  pelvis  is  inclined  more  obliquely  on 
the  vertebral  column,  than  that  of  the  adult.  During  the 
interval  between  birth  and  puberty,  these  peculiarities 
gradually  disappear,  and  the  pelvis  acquires  the  shape, 
size,  and  position  proper  to  adnlt  age.  The  preceding  Table 
exhibits  the  inclination  of  the  pelvis,  in  the  opposite  sexes, 
and  at  different  periods  of  life.  The  second  column 
(gathered  from  Naegele's  work,  Uelier  das  Weihlkhe 
Becl-en,  Carlsruhe,  182-5)  is  the  average  of  numerous  and 
accurate  measurements.  The  first  and  last  cokimns  are 
taken  from  a  treatise  entitled,  Mechanili  dm-  Menschh'chen 
Gehwerh::eiige,  recently  published  by  the  brothers  Weber. 

One  of  tiie  methods  employed  by  these  auatomists 
(described  at  page  128  of  their  work),  appears  to  me 
objectionable;  and  their  recorded  observations  are  too 
few  to  furnish  correct  averages.  Nevertheless,  from  their 
experiments,  and  from  those  of  Naegele,  we  may  safely 
draw  this  general  conclnsion  ;  that  the  de\nation  of  35° 
from  the  "horizontal  plane,  assigned  by  Cloquet,  and 
others,  to  the  pelvis,  is  too  little  by  at  least  30°. 

222.  Mechanism  and  Uses.  The  uses  of  the  pelvis,  as 
a  cavity  for  the  reception  of  certain  viscera,  a  fulcrnni 
for  the  spine  and  lower  extremities,  and  a  centre  of 
action  to  many  powerful  muscles,  have  been  noticed  in- 
cidentally in  the  course  of  the  foregoing  description.  It 
may  be  further  observed  that  the  inchned  position  of  this 
bony  girdle  adapts  it  to  reduce  the  force  of  concussions 
transmitted  upward  from  tlie  feet,  and  that  the  oblique 
direction  of  the  sacrum,  which  runs  downward  and  back- 
ward from  the  base  of  the  vertebral  column,^  causes  the 
inertia  of  the  trunk,  when  the  body  is  carried  forward  by 
a  sudden  spring,  to  tell  upon  the  surfaces  of  the  sacro- 
lumbar  articulation,  instead  of  straiuing  its  ligaments,  as 
would  certainly  happen  if  the  joint  were  horizontal* 

•  A  further  distribution  of  the  resistauee  of  iuertia  in  the  action 
of  springing  forward,  results  from  tlie  curvature  of  tlie  lower  part 
of  the  vertebral  column,  whicli  iustead  of  risiug  verticallj'  from  tlio 
sacrum,  inclines  obliquely  forward  and  upward  ;  so  tliat  tlie  stnmi 
of  the  leap,  which  would  otherwise  fall  almost  exclusivelj'  ou  tlie 
last  ioint  of  the  column,  is  divided  between,  at  least,  four  of  its 
lower  articulations.  This  point  has  been  well  elucidated  by  -Mayo, 
in  the  11th  chapter  of  his  "  Outlines  of  Physiology ;  which  eliapter 
I  take  this  opportunity  of  reeomm.uuiing  to  the  stu.lent,  as  a  most 
admirably  written  and  instructive  sltetch  of  the  mechanism  of  tlie 
skeleton.  It  is  one  of  that  author's  atilest  performances  and,  in  my 
opinion,  a  mod(d  of  pliilosophical  coniposiliou  ;  in  which  character 
nloue  it  would  well  repay  a  frequent  perusal. 
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The  stiident  should  also  particularly  notice  the  strong, 
prismatic  thickening  in  the  substance  of  the  os  inno- 
minatum,  which  extends,  on  each  side,  from  the  sacro-iliac 
s^Tnphysis  to  the  top  of  the  acetabulum.  These  two  bony 
columns  are  the  immediate  supporters  of  the  sacrum, 
which  divides  equally  between  them  the  weight  of  the 
superincumbent  tinnk.  This  pressure  they  transmit  to 
the  vaulted  roof  of  either  acetabukim,  from  which  again 
it  is  transferred  to  the  heads  of  the  thigh-bones.  The 
purpose  of  these  two  ribs,  which  are  the  thickest  and 
strongest  parts  of  the  ossa  innominata,  is  rendered  the 
more  obvious  by  the  striking  contrast  which  exists  between 
their  thickness  and  that  of  the  bone  in  their  immediate 
neighbourhood.  "WTiile  they  are  prisms  of  nearly  an  inch 
in  diameter,  the  ilium,  within  half  an  inch  above  them, 
becomes  as  thin  as  paper,  and  semi-transparent. 

These  groinings,  and  inclined  articulations,  which  occur 
in  the  pelvis,  along  the  line  of  transmission  of  force, 
furnish  a  good  illustration  of  the  two  principal  laws 
which  prevail  throughout  the  structure  of  the  skeleton — 
viz.,  fir.r;t,  That  accumulation  of  osseous  matter  indicates, 
and  is  proportionate  to,  fressure  to  he  sustained.  Secondly, 
That  frequency  and  obliquity  of  joints  indicate,  and  are 
proportionate  to,  concussion  to  he  distributed. 

The  double  wedge-like  shape  of  the  sacrum  is  a  feature 
in  the  mechanism  of  the  pelvis  which  has  been  noticed  by 
several  anatomists.  Cruveilhier  has  pointed  out,  with 
hi.s  usual  accuracy  and  clearness,  the  eifect  of  that  form 
;:i  preventing  the  displacement  of  the  bone  by  any  force 
iicting,  either  from  above  downward,  or  from  ijefore  back- 
ward. For  the  bone  is  larger  above  than  below,  and  is 
al.Ho  (with  certain  exceptions,  which  will  presently  be 
-.ated)  wider  before  than  behind.  But  Cruveilhier  appears 
to  me  to  have  fallen  into  error,  when  he  goes  on  to  state, 
that  the  provisions  for  preventing  this  bone  from  being 
driven  forward,  are  but  slight;  that  the  powerful  ap- 
paratu.s  of  posterior-sacro-iliac  ligamentous  fibres  can  only 
>.n(l  to  resi.st  the  backward  dislocation,  and  that  the  space 
uetween  the  ilia  is,  in  its  whole  length,  larger  before  than 
behind  ;  "  double  diapomtion  "  (as  he  states,  in  conclusion) 
"  ffinO.emmerd  [iroifre  ri  fuvoriser  le  dcpUicemcnt  dn  sacrum 
d  la  pari'':  anterieure."  ("  Anatomic  Descriptive,"  vol.  i. 
p.  \-A.)  The  facts,  and  the  conclusion,  here  advanced,  are 
not  in  accordance  with  my  own  observations  ;  which  have 
-atisfied  me,  on  the  contrary,  that  both  the  form  of  the 
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sacnim,  and  the  disiDosition  of  its  posterior  ligaments,  are 
calculated  very  strongly  to  resist  the  anterior  dislocation — 
against  which  the  bone  is  further  defended  by  the  shape 
and  position  of  the  alts  of  the  ilia.  I  shall  offer  a  few 
remarks  on  each  of  these  points  in  succession. 

And  first,  with  regard  to  the  form  of  the  sacrum. 
Although  it  is  true  that,  at  the  upper  extremity  of  the 
bone,  the  anterior  surface  is  usually  two  or  three-ei^hthB 
of  an  inch  wider  than  the  posterior,  yet,  upon  dividing 
the  bone  by  a  section,  parallel  with  the  plane  of  the  upper 
strait  of  the  pelvis,  and  at  about  an  inch  and  a  half  below 
its  superior  extremity  (in  other  words,  opposite  to  about 
the  middle  of  the  auricular  surface),  I  have  generally 
found  these  proijortions  reversed,  the  posterior  surface 
being  here  wider  than  the  anterior,  sometimes  as  much 
as  half  an  inch,  or  even  five-eighths,*  seldom  less  than 
one-eighth.  Half  an  inch  lower  down,  the  anterior  sur- 
face resumes  the  superiority  in  width.  These  changes  of 
proportion  are  illustrated  in  the  annexed  diagram,  which 
represents  three  sections  of  the  same  sacrum  :  the  first 
taken  just  below  its  upper  extremity,  the  second  three- 
fourths  of  an  inch  lower  down,  and  the  third  half  an 
inch  below  the  second.  In  the  first  and  third,  the  base 
of  the  wedge  is  turned  forward  ;  in  the  second,  it  is  ob- 
viously directed  backward.  The  figures  are  of  the  natural 
size ;  and  the  exact  points  fi-om  which  the  measurements 
have  been  taken,  are  indicated  by  transverse  lines,  agamst 
each  of  which  its  length,  in  inches  and  sixteenths  of  an 
inch,  has  been  set.  The  letters,  which  are  the  same  m 
all  the  figures,  refer  to  the  explanation  appended  to  the 
diagram.  In  examining  a  large  number  of  sacra,  with  a 
view  to  this  particular  point,  I  have  found  the  form 
above  described  to  be  a  general  rule,  liable  to  many  m- 
dividual  exceptions.  Thus,  in  some  instances,  the  back 
and  front  of  the  sacrum  have  been  nearly  equal  in  width, 
in  the  whole  length  of  the  auricular  surface.  In  other 
specimens  the  anterior  surface  has  been  wider,  for  the 
same  distance,  than  the  postei-ior ;  or,  vice  versa,  tlie  pos- 
terior has,  more  or  less,  exceeded  the  anterior  in  width. 
But  these  exceptions,  so  far  from  throwing  doubt  on  the 
rule  here  laid  down,  have  rather  afforded  it  an  indirect 


*  I  Ijavc  seen  but  one  specimen  (in  tlie  collection  of  Professor 
Pavlrirlge)  iu  which  the  differeuc"  amouut('(l  to  five-eighths.  The 
averayo  aiffereuce  is  between  an  eighth  and  a  quarter  of  au  inch. 
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corroboration.  For  those  sacra  which  have  not  pre- 
sented the  ordinary  changes  of  proportion,  have  invari- 
ably  possessed  some  compensating  pecuharity  of  form, 
calculated  to  produce  a  similar  result.  Some,  for  in- 
stance, have  presented  a  strong  angle,  projecting  from 
each  auricular  surface,  and  fitting  into  a  corresponding 
depression  on  the  articular  surface  of  the  ilium ;  or,  on 
the  contrary,  a  depression  in  the  auricular  surface, 
adapted  to  an  eminence  of  the  os  innominatum.  Not  un- 
fi-equently  the  sacrum  has  presented,  opposite  the  middle 
of  its  auricular  surface,  a  general  contraction  in  the 
transverse  dimension,  obviously  tending  to  resist  disloca- 
tion in  every  sense— whether  ujDward,  downward,  forward, 
backward,  or  in  any  intermediate  direction.  In  other 
specimens,  the  auricular  surface  has  exhibited,  on  a  trans- 
verse section,  a  series  of  undulations,  all  at  the  same 
horizontal  level,  and  disposed  in  such  a  manner  as  to 
resist,  alternately,  the  anterior  and  posterior  dislocation. 
I  have  not  space  for  sketches  of  all  these  varieties  :  but  I 
will  take  the  last  mentioned,  as  one  of  the  most  remark- 
able, for  illustration. 

The  annexed  diagram  (to  which  the  explanation  of  the 
former  is  applicable)  represents,  on  a  reduced  scale,  thi-ee 
horizontal  sections  of  a  sacrum,  wider  behind  than  before 
in  the  whole  length  of  the  auricular  surface  (as  may  be 
deduced  from  a  comiDarison  of  the  measurements  an- 
nexed to  each  figure).  The  form  of  this  specimen,  taken 
as  a  whole,  is  only  calculated  to  oppose  the  advance  of 
the  bone,  and  has  no  tendency  to  resist  the  posterior 
dislocation.  But  on  comparing  the  four  measurements 
of  the  first  section,  the  bone  will  be  found  to  consist,  in 
this  part,  of  three  wedges,  of  which  the  anterior  and  pos- 
terior have  their  bases  behind,  and  their  narrow  ends 
dii-ected  forward,  while  the  intervening  one  presents  a 
contrary  disposition.  The  two  former  tend  to  resist  the 
anterior,  and  the  latter,  the  posterior  dislocation.  This 
arrangement  sufficiently  exemplifies  the  natui-e  of  the 
compensation  allude  I  to  above. 

These  facts  compel  me  to  dissent  from  Craveilhier's 
opinion,  so  far  as  it  relates  to  the  form  of  the  bone. 

With  regard  to  the  posterior  sacro-iliac  ligaments,  it  is 
to  be  observed,  that  many  of  their  fibres  run  obliquely 
forward  and  inward,  from  the  ilium  to  the  sacrum.  These 
fibres  must  necessarily  be  stretched  by  the  advance  of  the 
bone  towards  the  cavity  of  the  pelvis,  and  therefore  can- 
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The  munbered  brackets  indicate  portions  of  the  sacrum  lyiug  be- 
ivreen  the  lines  of  measurement :  and  the  annexed  Tabic  exhibits  the 
respective  tendencies  of  the  portions  so  comprised.  By  adding  the 
two  last  colurans,  we  find  that  the  total  amount  of  resistance  pre- 

rited  by  these  three  sections  is,  to  the  anterior  dislocation  =  18,  to 
"  posterior  dislocation  =  8.  N.B.  The  portions  marked  with  an 
isterisk  consist  of  two  or  more  smaller  portions ;  and  their  effect  is, 
of  course,  only  the  sum,  or  the  difference,  of  the  effect  of  those 
smaller  portions ;  for  which  reason  it  is  not  taken  separately  into 
the  account. 
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not  fail  to  ojjpose  its  dislocation  in  that  direction.  In 
order  to  satisfy  myself  on  this  point,  I  tried  the  following 
experiment.  I  divided,  in  a  recent  pelvis,  all  the  con- 
nexions between  the  sacrum  and  ossa  innominata,  except 
the  posterior  sacro-iliac  ligaments ;  and  then,  having 
fixed  the  ossa  innominata,  endeavoured  to  draw  the 
sacrum  forward  ;  but  it  resisted  my  strongest  eiforts.  I 
then  cut  away  part  of  the  bone  opposite  the  lower  half  of 
the  sacro-iliac  joint,  in  order  that  the  wedge-like  form  of 
the  sacrum  might  have  no  influence,  either  in  promoting 
or  preventing  its  advance  ;  but  it  stdl  resisted  my  entire 
force  applied  from  behind,  though  now  retained  in  its 
position  solely  by  the  posterior  sacro-iliac  ligaments. 
This  experiment  may  be  easily  repeated,  and  it  appears  to 
me  to  aflPord  conclusive  evidence  that  these  hgaments  are 
not  favourable  to  the  anterior  dislocation. 

Looking,  in  the  last  place,  to  the  form  and  position  of 
these  ate  of  the  ilia,  we  shall  find  them  calculated  to 
furnish  the  upper  half  of  the  sacrum  with  an  additional 
protection  against  the  anterior  dislocation.  Their  pos- 
terior extremities,  which  are  very  strong  and  massive, 
extend  backward  nearly  two  inches  from  the  sacro-iUac 
articulation,  and  project  on  each  side,  so  as  to  sustain, 
the  force  of  many  shocks,  which  would  otherwise  tell 
upon  the  posterior  surface  of  the  sacrum. 

These  several  considerations  lead  me  to  think,  that  the 
anterior  dislocation  of  the  sacrum,  so  far  from  having 
been  favoured  by  Nature,  is  quite  as  efEectually  guarded 
against  as  any  other  displacement  to  which  the  bone  is 
liable.  It  is  true,  indeed,  as  Cruveilhier  observes,  in  ex- 
planation of  his  opinion  ou  this  point,  that  the  force 
which  the  sacrum  habitually  sustains  (namely,  the  con- 
stant pressure  of  the  trunk)  tends  always  to  thrnst  it. 
downward  and  backward,  and  never,  in  any  degree, 
towards  the  cavity  of  the  pelvis.  But,  on  the  other  hand, 
the  external  violence  to  which  the  sacrum  is  occasionally 
exposed,  can  operate  only  from  beliind,  or  from  below,  m 
no  case  from  above  or  from  before.  And,  if  this  bone,  so 
well  fortified  against  the  constant  strain  to  which  it  is 
exposed,  had  been  left  unprotected  against  dislocation  by 
sudden  shocks  from  without,  it  would  present  a  strange 
exception  to  the  watchful  providence  of  Nature  against 
accidental  violence,  which  is  exemplified  in  the  stnic 
ture  of  every  part  of  the  skeleton.  It  is  indeed  a  re- 
markable  refiectiou,— and  one  with  which  these  observa. 
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tions  may  be  not  inappropriately  concluded,— that  con- 
tingencies which  may  occur  but  once  in  fifty  years, — 
whfch  may  never  happen  to  some  individuals,— are  yet 
as  elaborately  provided  against  by  Nature,  as  those  in- 
ternal strains,  and  tendencies  to  displacement  or  rupture, 
which  are  in  incessant  operation  throughout  the  whole 
period  of  life. 


CHAPTEE  Y. 

OF  THE  EXTREMITIES. 

■223.  The  extremities  are  long,  jointed  appendages  of 
the  body,  attached  by  one  end  to  the  trunk,  and  free  in 
the  rest  of  their  extent.  They  are  four  in  number ;  an 
upper  pair,  depending  from  the  thorax,  chiefly  subser- 
vient to  tact  and  prehension  ;  a  lower  pair,  connected  with 
the  pelvis,  the  principal  agents  in  support  and  locomo- 
tion. To  these  the  transcendental  anatomists  add  the 
lower  jaw,  which  they  regard  as  a  pair  of  limbs,  joined 
together  at  their  distal  ends,  and  otherwise  considerably 
modified  for  the  function  of  mastication :  but,  neverthe- 
less, bearing  precisely  the  same  relation  to  the  cranial 
division  of  the  vertebral  column,  that  the  arms  do  to  its 
thoracic,  and  the  legs  to  its  j^elvic  region.  These  analo- 
gies will  be  considered  more  in  detail  in  our  general  re- 
view of  the  skeleton.  In  the  present  chapter  we  have 
only  to  describe  the  bones  of  each  limb  in  succession ; 
-.abjoining  some  brief  observations  on  their  mechanism 
and  uses. 

OF  THE  UPPER  EXTEEMITY. 

224.  The  upper  extremity  is  divided,  by  descriptive 
anatomi.sts,  into  four  parts  :  the  shoulder,  the  wp^jcr  arm, 
the  fore-arm,  and  the  hand.  Of  these  parts  only  the 
three  la.st  are  recognised,  by  the  transcendental  anato- 
mists, a.s  constituents  of  the  upper  extremity ,  the  bones 
of  the  shoulder  being  referred  by  them  to  the  costal 
aeries.  (See  note  *,  page  VA)).  ITiis  latter  appears  to  me 
to  V^;  the  legitimate  arrangement,  the  former  being  at 
variance  with  the  obvious  analogies  of  the  bones.  But  I 
.Hhall  here,  as  elsewhere  in  this  work,  follow  the  ordinary 
.system,  for  the  sake  of  its  practical  convenience,  having 
previously  set  the  student  on  his  guard  against  its  theo- 
retical errors. 
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225.  The  shoulder  consists  of  two  bones,  the  scwptda, 
and  the  clavicle.  The  scapula  is  a  flat  bone,  resting  on 
the  exterior  surface  of  the  thorax.  The  clavicle  is  a  long 
bone,  situated  horizontally  at  the  anterior  part  of  the 
thorax,  just  above  the  first  rib. 

OF  THE  SCAPULA. 

226.  The  scapula  is  a  large,  flat,  thin  bone,  of  triangu- 
lar form,  lying  on  the  posterior  and  lateral  wall  of  the 
thorax,  between  the  first  and  seventh  ribs.  Taking  a 
general  survey  of  the  scapula,  the  student  will  observe 
that  it  presents  tjsXLaiirfciCes,  threeJiorders,  and  three 
angles.  Of  the  angles  one  is  truncated,  thickened,  and 
hollowed,  by  a  concave,  articular  surface,  designed  to  re- 
ceive the  rounded  head  of  the  arm-bone.  This  sm-face  is 
named  the  glenoid  cavity,  and  the  thickened  angle  on 
which  it  occurs,  may  be  called  the  head  of  the  scapula. 
This  head  is  supported  by  a  slightly  contracted  portion 
called  the  neck  ;  and  from  the  neck  the  thin,  wide  ala  of 
the  scapala  expands.  The  ala  is  strengthened  by  its 
three  thickened  borders,  which  present  the  ajjpearance  of 
stout  bony  ribs,  and  are  hence  called  the  costce  of  the 
scapula.  The  anterior  surface  is  concave,  lies  upion  the 
surface  of  the  thorax,  and  is  called  the  venter  of  the 
scapula.  The  posterior  surface  is  convex,  and  derives 
fi-om  its  backward  aspect  the  name  of  dorsum.  The  dor- 
sum is  traversed  by  a  strong  horizontal  process  of  bone, 
called  the  s^nne  of  the  scapula.  This  eminence  curves 
upward  externally,  and  expands  into  a  flattened  extremity, 
named  the  acromion  process,  which  projects  forward  so 
as  to  overarch  the  glenoid  cavity.  The  spine  and  the 
acromion  are  the  two  principal  processes  of  the  scapula ; 
there  is  a  third,  of  smaller  size,  called  the  coracoid  pro- 
cess, which  arises  fi'om  the  upper  border  of  the  neck,  and 
stretches  forward,  like  the  acromion,  over  the  glenoid 
cavity. 

From  this  rapid  sketch  of  the  principal  objects  pre- 
sented by  the  scapida,  and  of  then-  general  relations  to 
each  other,  we  may  proceed,  in  the  next  place,  to 
examine  more  minntely,  first,  its  head  and  necl;  with  the 
coracoid  process  which  the  neck  supports ;  then  its  bor- 
ders and  angles;  and  lastly,  its  siorfaces,  ventral  and 
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dorsal,  vnth  the  spine,  and  its  acromion  process,  arising 
from  the  latter. 

•227.  Head.  The  head  is  an  e.xpanded  portion  of  bone, 
which  occupies  the  external  angle  of  the  scapula,  and 
supports  the  glenoid  cavity.*  The  glenoid  cavity  is  a 
•wide,  shallow,  articular  depression  ;  of  an  ovoid  shape, 
with  its  longest  diameter  clirected  from  above  downward 
and  backward.  It  is  wider  below  than  above ;  and  its 
ontline  presents  a  close  resemblance  to  that  of  the  longi- 
tudinal section  of  a  peai-.  Its  direction,  or  aspect,  is  out- 
ward, forward,  and  a  little  downward.  Its  margin  gives 
attachment  to  a  ligament.f  and  supports,  in  the  recent 
subject,  a  fibro-cartilaginous  brim,  by  which  the  cavity  is 
deepened.  A  strong  tendonj  takes  origin  from  its  sum- 
mit. The  XECK^is  that  contracted  portion  of  bone 
which  immediately  suppoi'ts  the  head.  It  is  not  sepa- 
rated hj  any  definite  boundary  from  the  ala,  into  which 
it  appears,  as  it  were,  to  expand.  Its  contraction  is  more 
distiiict  behind  than  before,  and  below  than  at  its  upper 
part,  where  it  supports  the  coracoid  process.  This  pro- 
cess has  somewhat  the  appearance  of  a  finger,  half-bent, 
pointing  forward  and  outward.  It  arises,  by  a  strong 
wide  root,  from  the  upper  border  of  the  neck ;  extends, 
for  a  little  way,  upward  and  inward  ;  and  then,  suddenly 
changing  its  direction,  inins  forward  and  outward,  and 
passes,  as  we  shall  hereafter  find,  beneath  the  claAdcle. 
The  first,  or  ascending  portion  of  the  coracoid  process,  is 


*  W)iat  we  have  here  called  the  head,  is  usually  described  among 
the  angles  of  the  scapula,  under  the  name  of  the  external  or  urti- 
c'//«r  anf^le.  Such  an  association  appears  to  me  to  be  highly 
objectionable,  for  while  the  two  other  angles  are  entirely  insigni- 
ficant. t>;ing  the  mere  incitlental  results  of  the  junction  of  the 
borders,  this  articular  expansion  is,  on  the  coutrai-y,  the  essential 
el-';m':Dt  of  the  .scapula,  to  whicli  every  other  portion  of  the  Ixme  is 
obvion^sly  snbfjrdinate  and  accessorj-.  It  is  to  tlie  muscles  by 
which  the  head  is  moved,  or  maintained  in  its  position,  lliat  the 
rosft'K  afford  leverage,  and  tlie  tiln  an  expaniled  insertion.  The 
ncr'/mioii  and  rornnnd  prfjcess'-s  overarch  and  protect  tlic  licad ;  the 
^piiie  s*r-rjgth>-n-(  the  scapula  preci.sely  opposite  to  its  centre  ;  and 
even  in  the  depth  and  dis[iosition  of  the  foKuce,  we  sliall  presently 
discover  a  distinct  adaptation  to  the  functions  of  this  portion  of  the 
b<-ne.  For  these  n-asons  wo  have  phiced  it  alone,  and  made  it  the 
starting  point  of  our  description  ;  at  the  sa,mi:  thw  eiiininrn/inf/ it 
among  the  an;;le».  that  the  student  rn.ay  bear  in  mind  the  arrange- 
rn'-nt  generally  .adfjpU.'d. 

t  '  apsnlar  ligament  of  shouldi  r-joint. 
t  Long  head  of  biceps. 
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flattened  from  before  backward ;  it  is  smooth,  and  pre- 
sents nothing  remarkable  for  examination.  The  horizon- 
tal portion  is  much  narrower,  and  flattened  in  a  different 
direction ; — viz.,  from  above  downward.  Its  upper  sur- 
face is  rough,  and  gives  attachment  to  ligaments  ;*  ita 
inferior  surface  is  smooth,  and  directed  downward  and 
backward  towards  the  glenoid  cavity,  which  it  overhangs. 
The  anterior  margin  of  the  process  is  rough,  and  gives 
insertion  to  a  muscle.t  Its  posterior  margin,  hkewise 
rough,  attaches  a  ligament.J  Its  summit,  rounded  and 
tubercular,  affords  origin  to  two  muscles.§  The  angle 
which  the  two  portions  of  thecoracoid  form  by  their  junc- 
tion, gives  attachment  to  a  Ugament,||  to  which  we  shall 
have  occasion  to  revert,  in  describing  the  superior  border 
of  the  scapula. 

228.  Borders  or  Cost.e.  External  or  axillary,  some- 
times also  called  inferior.  This  is  a  stout,  bony  rib,  ex- 
tending from  the  head  to  the  inferior  angle  of  the  bone. 
It  is  by  far  the  thickest  of  the  three  costas,  but  it 
gradually  diminishes  in  thickness  towards  its  lower  ex- 
tremity. Its  upper  third  is  full  half  an  inch  wide,  arid 
presents  a  shallow,  oblong  depression  or  groove,  which 
attaches  a  large  miiscle.T[  Its  middle  third  is  also  slightly 
grooved,  in  the  longitudinal  sense,  and  gives  origm  to 
part  of  a  smaller  muscle.**  The  lowest  third  presents  an 
edge  which  attaches  some  fibres  of  another  muscle.-ft 
Superior.  This  is  the  shortest,  and  thinnest,  of  the  three 
costce.  It  extends  from  the  coracoid  process  to  the  pos- 
terior-superior angle  of  the  bone,  attaches  a  muscle,tt  and 
presents,  externally,  a  semicircular  depression,  called  the 
supra-scaindar  notch.  This  notch  is  bounded  on  the 
outer  side  by  the  coracoid  process  ;  and  the  bgament 
which  we  have  mentioned  as  being  attached  to  the  angle 
of  that  process,  stretches  across  the  notch,  and  converts 
it  into  a  hole.  Sometimes  a  slip  of  bone  performs  the 
o£&ce  of  this  ligament ;  in  which  case  there  is  a  comjjlete 
s'upra-scaptdar  foramen,  even  in  the  dry  bone.  This  hole 
gives  passage'  to  a  nerve,§§  and  occasionally  also  to  ves- 
sels.§§  Internal,  or  vertebral.    This  border  is  often  called 

*  The  conoid  posteriorly,  the  trapezoid  in  front. 
+  Peotoralia  minor.  ,       J  Coraco-acro.mon 

]  Coraco-brachialis  internally,  short  head  of  biceps  exteruallj. 

II  Supra-scapular, 
r  Long  hnad  of  triceps.        "  Teres  minor.       tt  Teres  major. 
Jt  Omo-hyoideus.  §5  Supra-scapular. 
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the  icise  of  the  scapula.  It  extends  fi-om  the  uppermost  to 
the  lowest  angle  of  the  bone.  It  is  the  longest  of  the 
borders,  but,  in  thickness,  intermediate  between  the  other 
two.  It  is  not  straight,  but  presents,  at  the  junction  of 
its  upper  one-fourth  with  its  lower  three-fourths,  an  ob- 
tuse aiujle,  the  position  of  which  should  be  borne  in  mind, 
as  indicating  the  commencement  of  the  spine  of  the 
scapula,  and  the  limits  of  several  muscular  insertions. 
The  base  affords  attachment  to  six  muscles,  of  which 
one  is  attached  to  (what  would  be  called,  if  this  border 
were  thicker)  its  anterior  lip,*  two  to  its  posterior  lip,f 
and  three  to  the  interval.X 

229.  Angles.  In  ferior.  Formed  by  the  junction  of  the 
axillary  and  vertebral  borders.  It  is  thick  and  rough, 
constitutes  the  lowest  point  of  the  bone,  and  gives  origin 
to  a  few  fibres  of  two  muscles. §  S uper ior-anterior.  This 
angle  is  truncated,  and  occupied  by  that  thickened  emi- 
nence, which  bears  the  glenoid  cavity,  and  has  already 
been  described  as  the  head  of  the  bone.  The  grounds 
upon  which  we  have  distinguished  this  angle,  by  giving 
it  a  separate  paragraph,  and  selecting  it  for  the  opening 
of  our  description,  are  stated  in  note*,  page  189.  Superior- 
posterior.  Formed  by  the  junction  of  the  upper  and  ver- 
tebral borders.  It  is  thin,  rounded,  and  smooth,  forms 
the  highest  point  of  the  bone,  and  gives  insertioa  to  some 
fibres  of  a  muscle. || 

230.  Surfaces.  Posterior  or  dorsum.  Convex  from 
p.hove  downward,  alternately  convex  and  concave  in  the 
•ransverse  direction.    Divided  into  two  unequal  portions 

j        the  Hpine  of  the  scapula,  which  projects  backward  and 
I   upward  from  it,  at  the  line  of  junction  between  its  upper 
■  urth  and  its  lower  three-fourths.  The  surface  above  the 
:)ine  Vielongs  to  the  fossa  sx(,pra-spnnata  ;  the  surface 
•dow  it,  to  the  fossa,  infra-spinataj.    The  fossa  supra- 
[linato,  is  smooth  and  concave,  wider  internally  than  ex- 
' -  rnally,  and  filled  in  the  recent  state  by  a  muscle,^[  the 
riores  of  which  are  attached  to  its  two  internal  thirds. 


•  Serratu.s  m.agnu.s. 

t  Some  fibr^js  of  snpra-spinalus,  abovu  tho  ohliisc  aiiylc. ;  of  iufra- 
Hpinatna,  l>;low  that  point. 

t  Levator  aijgTili  HcapulzR,  nimvi;  th(;  anglo ;  rliomboidous  minor, 
opposit<;  the  angle;  rhomboidcus  major,  below  tin;  angle. 

jj  Of  the  teres  major,  and  (occasionally)  of  the  latiHsiniiiH  ilorsi. 

1  Levator  auguli  .scapuls.  •[  tju^jra-spinatus. 
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Tlie  infra-spinous  fossa  is  more  than  three  times  as  large 
as  the  snpra-sijinous  fossa ;  it  presents,  extei-nally,  a 
long,  wide  groove,  which  runs  parallel  to  the  axillary 
border ;  internal  to  that  a  convexity,  running  parallel  to 
the  groove,  of  which  it  foiins  the  inner  boundary;  and 
again,  internal  and  superior  to  this  convexity,  another, 
but  less  extensive  concavity.  This  fossa  is  perforated  by 
several  nutrient  foramina;  it  lodges  a  large  muscle,* 
which  is  attached  to  its  inner  three-fourths,  but  only 
covers,  without  taking  origin  from,  its  outer  fourth.  The 
infra-spinous  fossa  does  not  extend  quite  to  the  axillary 
border,  but  is  bounded  externally  by  a  rough  Une,  ■which 
commences  above,  at  the  lower  jjart  of  the  head,  and 
passes  downward  and  backward  to  the  vertebral  border, 
which  it  joins  about  an  inch  above  the  inferior  angle  of 
the  bone.  This  line  attaches  an  intermuscular  apo- 
neurosis ;t  it  cuts  off  a  long  surface,  of  which  the  upper 
two-thirds  are  narrow,  and  give  attachment  to  a  small 
muscle,!  while  the  lower  third  is  much  wider,  and 
roughened  for  the  insertion  of  a  larger  muscle. §  The 
wide  and  the  narrow  portions  of  this  surface  are  separated 
by  a  line  which  runs  obliquely  downward  and  backward 
from  the  axillary  border,  and  attaches  an  intermuscular 
aponeurosis.  1 1  This  is  sometimes  called  the  oUique  line 
of  the  scapula. 

From  the  description  of  these  fossae  we  pass  naturally 
to  that  of  the  sjiirae,  which  serves  as  a  sort  of  party-waU 
to  separate  them  from  each  other. 

The  spine  or  the  scapula  is  a  strong,  triangular  plate 
of  bone,  whose  ajDCx  is  situated  at  the  vertebral  border  of 
the  scapula,  just  opposite  its  ohfitso  angle  (228) ;  whose 
base  is  placed  externally,  near  the  head  of  the  bone :  while 
of  its  sides,  one  is  joined  to  the  ala,  the  other,  thick  and 
free,  gives  attachment  to  muscles,  and  is  called  the  crest. 
The  spine  does  not  extend  quite  across  the  dorsum,  but 
stops  short  about  half-an-inch  from  the  head,  leaving  an 
interval  through  which  the  supra  and  infra-spinata  fossse 
communicate  with  each  other.  Its  surfaces  are  uot  hori- 
zontal ;  the  superior  looks  forward  and  inward,  as  well 
as  upward,  and  the  inferior  has  the  contrary  dii-ection. 


*  lufra-spiimtAis. 
t  Wliich  separatos  the  iufm-spinal,us  musclo  from  the  teres  majdr 
ami  minor.  t  Teres  minor.  §  Tere.'.  major. 

II  Which-  separatos  the  teres  uiiijor  from  the  teres  mmor. 
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Both  surfaces  are  slightly  concave,  perforated  by  one  or 
two  large  nutrient  foramina,  wide  near  the  head  of  the 
scapula,  gradually  narrowing  as  they  approach  the  ver- 
tebral border.    The  superior  surface  contributes  to  the 
fossa  supni-spinata,  aud  attaches  part  of  the  muscle 
which  that  fossa  receives.*    The  inferior  surface  con- 
tributes in  like  manner  to  the  fossa  infra-S'pinata,  and 
gives  origin  to  the  upper  fibres  of  the  muscle  therein 
contained. t    The  spine,  being  of  a  triangular  shape,  has 
necessarily  tliree  borders.    Of  these,  one  is  anterior,  one 
external,  and  the  third  posterior.     We  have  already 
noticed  them  slightly,  and  with  regard  to  the  two  former 
have  Httle  to  add.  The  anterior  border  is  attached  to  the 
dorsum,  and  forms  the  root  of  the  process.    The  external 
border,  short,  thick,  and  rounded,  is  continuous,  below 
with  the  neck,  and  above  with  the  under  surface  of  the 
acromion  process ;  intermediately  it  is  smooth  and  free. 
The  posterior  border,  or  crest,  is  wide,  and  presents  two 
lips,  separated  by  a  rough  interval.    Each  lip  of  the 
crest  gives  attachment  to  a  muscle, J  but  the  interval  is 
subcutaneous.    The  lips  approach  each  other,  and  the 
interval  is  narrow,  in  the  middle  of  the  crest,  but  they 
diverge  from  each  other  at  its  extremity,  externally,  to 
become  continuous  with  the  borders  of  the  acromion ; 
'  -ternalhj,  to  join  the  base  of  the  scapula,  with  which 
tney  enclose  a  small,  triangular,  smooth  surface,  on 
which  a  tendon  §  glides.    It  is  from  the  angle  formed 
br  the  junction  of  the  crest,  with  the  external  harder 
:  the  spine,  that  the  acromion  process  springs.  The 
I  .■-'  ROMiON'  PROCESS  is  large  and  strong ;  it  runs  out- 
i  v/ard  a  little  way,  and  then,  forming  an  angle,  directs 
'  -elf  forward  and  upward.    It  is  flattened,  like  the  spine, 
.t  in  the  opposite  direction.    If  a  plane  were  drawn 
:rallel  to  the  two  surfaces  of  the  acromion,  and  another 
irallel  to  the  two  surfaces  of  the  spine,  the  two  planes 
ould  cut  each  other  nearly  at  right  angles.    Hence  the 
.  ;'per  surface  of  the  acromion  is  continuous,  not  with  the 
.  r,per  surface  of  the  spine,  but  with  the  interval  between 
"'if,  lips  of  the  crest.    ITie  acromion  is  slightly  curved, 
rjd  overarches  the  glenoid  cavity.    Its  upper  surface  is 
convex  and  uneven ;  it  is  directed  upward,  outward,  and 


•  Snpra-spinatns.  t  liifra-si)iiiatu8. 

I  The  n{)p«,-r  lip  to  the  trapezius,  the  lower  lip  to  iLo  dtltuid, 
}  Of  the  trapcziuH. 
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tackward,  and  lies  immediately  beneatH  the  skin  of  tte 
shoulder,  of  which  it  forms  the  summit.  Its  lower  surface, 
which  is  smooth  and  concave,  has  an  opposite  direction. 
The  external  margin  of  the  acromion  is  thick  and  tuber- 
eular,  and  attaches  some  fibres  of  a  large  muscle*  Its 
internal  (or  anterior)  margin  is  concave,  attaches  part  of 
a  muscle ,t  and  presents,  near  the  summit  of  the  process, 
an  oval,  concave,  articular  surface,  directed  inward,  for- 
ward, and  a  little  upward,  for  articulation  with  the  ex- 
tremity of  the  clavicle.  (236)  The  tip  of  the  acromion 
process  is  thin,  and  attaches  a  ligament. J 

Anterior  surface,  or  venter  of  the  scapula.  This  sur- 
face is  chiefly  occupied  by  a  wide  concavity,  called  the 
fossa  subscapularis.  This  fossa,  however,  is  separated 
from  the  posterior  border  by  a  long,  plane  surface,  from 
a  quarter  to  half  an  inch  wide  above,  narrower  below, 
still  narrower,  often  altogether  deficient,  in  the  middle, 
and  serving  for  the  attachment  of  a  large  muscle. §  The 
suhscwpular  fossa  is  traversed,  in  its  two  posterior  thirds, 
by  several  rough  lines,  which  pass  from  behmd  obHquely 
forward  and  ui^ward.  Its  anterior  third  is  c[uite  smooth. 
The  rough  lines  give  origin  to  the  tendiuous  intersections, 
and  the  intei-vening  surfaces  to  the  fleshy  fibres  of  a 
large  muscle,  which  is  lodged  in  this  fossa. ||  The  smooth 
anterior  third  of  the  fossa  is  covered  by  the  muscle,  but 
does  not  give  origin  to  any  of  its  fibres.  (The  extremity 
of  the  muscle  passes  beneath  the  coracoid  process,  which 
presents  a  smooth,  concave  surface,  to  permit  its  passage.) 

The  subscapular  fossa  presents,  just  at  the  level  of  the 
spine,  a  retiring  angle,  which  may  be  called,  fi-om  its 
position,  the  subscapular  angle.  As  this  angle  has  been 
hitherto  overlooked  by  anatomists,  or  only  noticed  as  a, 
slight  depression  in.  the  subscapular  fossa.^f  I  shall,  in 
this  place,  endeavour  to  show  that  its  depth  is  by  no  means 
inconsiderable,  and  that  it  serves  an  important  purpose 
in  the  economy  of  the  shoiilder. 

Fig.  1,  in  the  annexed  diagram,  represents  a  sectional 
view  of  a  human  scapula,  divided  longitudinally,  about 
midway  between  the  vertebral  and  axillary  borders,   a  c 


•  Deltoid.  t  Trapezius.  t  Comco-acromion. 

5  Serratiis  magnus.  ||  Subscapularis. 

t  See,  for  instauue,  Meckel's  Mauuel  d'Auatomie,  torn.  i.  p.  '< 
"EUe  offre  soulemeut  uue  Wg&ro  dt'pressiou  qui  correspond 
I'dpine,"  &o. 
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the  spine,  b  c  the  supra-spinous  portion  of  the  ala, 
!  the  iufni-spiuous  portion  of  the  ala.    The  spine,  pro- 
■liu^'  backwards  from  the  ala  forms  with  it  two  angles ; 
one  above,  a  c  b.  which  may  be  called  the  supra-.'ipinous 
angle ;  and  one  below,  a  c  d,  which  may  be  denominated 
.^e  injra-s})inous  angle.    The  remaining  angle  h  c  is 
suhscapular  angle.    The  straight  line  c  e  cl  passing 
through  both  ends  of  the  infra-spinous  portion  of  the 
:  ala,  may  be  taken  to  represent  its  general  direction  ;  and 
.the  straight  lines  ch  g  and  c  a /indicate,  in  like  manner, 
the  respective  directions  of  the  supra-spinous  portion  of  the 
.  ala,  and  of  the  spine.    As  these  three  lines  meet  in  the 
:  point  f,  around  which,  as  a  centre,  is  described  the  circle 
efg,  the  three  angles  under  consideration  may  be  rea,dily 
compared,  by  ascertaining  how  many  degrees  of  the  circle 
:they  respectively   subtend.     This  has  been  carefully 
:  measured,  and  the  numbers  obtained  are  seen  in  the 
.  diagram,  each  opposite  to  the  angle  which  it  numerically 
:  represents. 

In  Fig.  2,  which  is  a  similar  section  of  another  scapula, 
.the  same  letters  are  employed  to  indicate  corresponding 
:  parts  ;  and  the  circle,  with  the  numbers  attached  to  it, 
:  has  the  same  meaning  and  purpose  as  in  fig.  1. 

To  facilitate  the  comparison  of  the  angles,  the  results 
are  subjoined  in  a  tabular  form. 

■  Subscapular  angle  in  fig.  1  =  129°  ...  in  fig.  2  =  129^°. 
;  Infra-spiaous  angle  in  fig.  1  =  136J°  ...  in  fig.  2  =  128°. 

Supra-spinous  angle  iafig.  1  —   94^°  ...  in  fig.  2  =  102^°. 

MEAX  OF  TH£  TWO  MEASUREMENTS. 

Subscapular  angle  =  129:|-°. 
Infra-spinous  angle  =  132f°. 
Supra-spinous  angle  =  98|°. 

Hence  it  appears  that,  in  the  first  scapiila,  the  sub- 

■  scapular  angle  is  more  abrupt,  or  nearer  to  a  right  angle, 
by  74''  than  the  infra-spinous  angle ;  and  that,  in  the 
second  scapula,  though  it  is  more  obtuse  than  the  infra- 
spinous  angle,  the  difference  is  only  1^^"  in  favour  of  the 
lattftr.  The  mean  of  the  two  measurements  gives  a 
difference  of  only  3^-^  between  the  infra-spinous  and  the 
sabscapular  angles.  Without  laying  too  much  stress  upon 
the  results  obtained  by  these  few  observations,  I  think 
they  wdl  justify  ua  in  inferring,  generally,  that  the  Bub- 

0  2 
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scapular  angle  is  a  very  considerable  bend  in  tbe  ala— 
mucli  too  considerable  to  be  wthout  a  purpose ;  which  it 
is  our  business,  in  the  next  place,  to  ascertain.* 

Now,  I  tliink  that  the  use  of  this  angle  becomes  obvious, 
when  we  consider,  first,  the  position  of  the  point  c  (figs. 
1,  2,  and  3)  with  respect  to  the  glenoid  cavity  ;  secondly, 
the  function  of  the  muscles  contained  in  the  three  fossaa 
of  the  scapula,  and  the  position  of  their  most  effective 
fibres  ;  and  lastly,  the  manner  in  which  the  subscapular 
angle  affects  the  shape  of  the  subscapular  fossa,  and  the 
position  of  its  deepest  part. 

The  point  (c)  is  precisely  opposite  to  the  centre  of  the 
glenoid  cavity.  It  will  be  seen,  by  reference  to  the 
diagram,  to  occupy  the  centre  of  a  triangular  space, 
which  represents  the  section  of  a  horizontal,  prismatic 
thickening,  or  rib,  in  the  scapula.  This  rib  commences 
at  the  base  of  the  bone,  and  runs  across  the  ala,  increasing 
in  strength  as  it  proceeds  to  reach  the  centre  of  the  glenoid 
cavity.  It  presents  a  strong  analogy  in  its  form  and 
position  to  the  prismatic  rib  which  runs,  in  the  os  inno- 
minatum,  from  the  acetabulum  to  the  sacro-iliac  joint. 
Of  this  we  shall  speak  further  hereafter. 

The  function  of  the  muscles  contained  in  the  scapular 
fossEe,  is  to  draw  the  head  of  the  humerus  towards  the 
scapula,  and  to  maintain  it  in  close  contact  with  the 
surface  of  the  glenoid  cavity.  The  fibres  most  efficient  to 
this  end  are  those  which  Ue  in  immediate  vicinity  of  the 
prismatic  rib  c  (and  which  are  represented  in  section  by 
the  dotted  circles,  Ic,  I,  and  m,  fig.  3) ;  because  these  fibres, 
and  these  only,  act  upon  the  humerus  in  a  direction 
parallel  to  the  line  of  motion  required.  Hence  for  the 
most  advantageous  disposition  of  the  muscles  in  question, 
it  is  requisite  that  each  fossa  should  have  considerable 
depth  in  this  part.  The  straight  lines  h  a,  b  h,  and 
a  i,  in  fig.  3  (which,  I  should  observe,  represents  the 
same  section  as  fig.  1)  enable  the  eye  to  estimate  the 
general  capacity  of  each  fossa,  and  the  relative  depth  of 
its  different  pai-ts.    The  straight  line  c  h  shows  the  depth 

*  The  reason  why  this  angle  has  hitherto  escaped  notice  ap- 
pears to  be,  that  it  is  filled  up,  and  in  a  great  measure  obliterated, 
as  it  approaches  the  borders  of  the  scapula,  by  the  thickeniug  of 
the  bono  towards  the  head,  ou  one  hand,  and  at  the  vertebral 
costa,  ou  tlie  other.  This  sort  of  shelving  .away  ou  each  side  de- 
ceives the  eye  as  to  the  real  abruptness  of  tho  bend  in  the  middle 
of  the  fossa. 
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which  the  subscapular  fossa  -would  have  if  there  were  no 
subscapular  angle.    In  that  case  it  would  be  deepest  at 
and  extremely  shallow,  if  not  wholly  deficient,  opposite 
the  point  c ;  so  that  the  bulk  of  the  subscapular  muscle 
would  be  lodged  in  a  disadvantageous  position.    In  the 
present  form  of  the  scapula,  each  fossa  Ilo.s  its  greatest 
h:pth  opposite  the  point  (c),  and,  consequently,  the  tliickest 
irt  of  each  muscle  lies  in  that  precise  position  in 
ii-hich  it  can  operate  most  effectively  on  the   head  of 
the  humerus. 

The  annexed  diagi-am  will,  perhaps,  euable  the  student 
to  form  a  clear  conception  of  the  essential  elements  of 
the  scapula,  and  of  their  relative  position, 
independently  of  special  form  ancl  dimen-  * 
sions. 

The  curved  line  a  h  represents  a  section 
of  the  glenoid  cavity ;  c  d  is  the  prismatic 
axis  already  aUuded  to,  projecting  from  the 
back  of  the  glenoid  cavity,  exactly  opposite 
its  centre ;  e,  /,  and  g,  are  three  plates, 
springing  from  the  angles  of  the  prismatic 
axis  ;  one  forming  the  spine,  the  other  two 
constituting  the  supra  and  infra-siDinous  poi'tions  of  the 
ala.  Each  plate  is  sti-engthened  by  a  stout  bony  rib  run- 
ning round  its  margin.  In  the  human  scapula  the  lower 
plate  is  four  times  as  large  as  either  of  the  two  upper, 
which  are  about  equal  in  extent,  and  support  each  a  pro- 
cess. 

231.  Structuee.  Cellular  in  the  head,  processes,  and 
other  thickened  parts,  composed  of  a  dense  compact 
tissue  in  the  rest  of  its  extent.  The  ala  is  attenuated  to 
:-,emitransparency  opposite  the  centres  of  the  supra  and 
infra-Hpinous  fossae  ;  and,  in  some  instances,  the  bone  is 
absolutely  deficient  at  these  points,  presenting  natural 
perforations,  through  which  the  muscles  of  the  venter 
and  dorsum  may  come  into  contact  with  each  other. 
DEVEr,opMKST.  Anatomists  are  not  agreed  as  to  the 
numV^er  and  position  of  the  points,  by  which  the  ossifica- 
tion of  the  scapula  takes  place.  Crnvcilhier,  who  has 
'Avcn  particular  attention  to  this  branch  of  anatomical 
:riquiry,  describes  six  ossific  points  in  the  scapula,  one 
i  the  ala  and  spine,  one  for  the  coracoid  process,  two 
Tor  the  acromion,  one  for  tho  vertebral  border  of  the  bone, 
;ind  one  for  its  inferior  angle.  The  first  enumerated,  is 
the  principal  ossific  centre  ;  it  appears  as  a  fiat  plate  in 
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the  second  month  .of  foetal  life  ;  and  the  spine,  which  is 
a  tnie  ajjophysis  (as  contradistinguished  from  an 
epiphysis),  begins,  in  the  third  month,  to  protrude  from 
its  posterior  surface.  The  other  points  are  comple- 
mentary, and  apjjear  successively  at  various  ages,  from 
birth  up  to  fifteen  years.  Each  remains  a  detached 
epiphysis  for  several  years  after  its  appearance ;  and  it 
is  not  till  the  period  of  growth  is  fully  accomplished,  that 
the  scajjula  is  consolidated  into  a  single  piece.  Articu- 
lations. With  the  clavicle,  by  arthrodia,  or  gliding- 
joint,  with  the  humerus,  by  enarthrosis,  or  ball-and-socket 
joint.  The  scajjula  derives  a  considerable  support  from 
the  ribs,  though  cut  off  from  direct  contact  with  them  by 
several  intervening  muscles. 

or  THE  CLA.VICLB.  /  '^  ^' 

232.  The  clavicle,  or  collar-bone,  is  situated^horizontaUy 
at  the  upi^er  and  lateral  part  of  the  thorax,  immediately 
above  the  first  rib,  the  direction  of  which  it  crosses 
obliquely.  The  clavicle  rests,  internally,  against  the 
upper  border  of  the  sternum,  which  serves  it  as  a  fulcrum;, 
and  it  articulates,  at  its  outer  extremity,  with  the  acromion 
process  of  the  scapula,  which  bone  it  follows  in  aU  its 
movements,  preventing  it  from  falling  inward  upon  the 
thorax,  and  sustaining  it  firmly  in  the  various  positions 
which  it  assumes. 

The  clavicle  is  nearly  straight,  with  regard  to  the  hori- 
zontal jjlane ;  but  in  the  opposite  sense  it  jDresents  a  double 
curvature,  being  convex  in  front,  internally,  concave  in 
the  same  direction,  at  the  opposite  end.  The  clavicle  is, 
moreover,  twisted  on  its  long  axis,  so  that  a  surface  look- 
ing directly  upward  externally,  is  turned  forward,  as  well 
as  upward,  towards  its  sternal  extremity.  Or,  to  convey  the 
same  fact  otherwise,  the  Hues  by  which  the  clavicle  is 
traversed,  pass  somewhat  spirally  along  the  bone,  so 
that  the  surfaces  which  lie  between  them  necessarily  vary- 
in  direction  in  diilerent  portions  of  their  length. 

The  clavicle,  in  the  inner  three-fourths  of  its  extent, 
has  the  form  of  a  triangular  prism;  but  its  outer  fourth 
is  flattened,  so  as  to  present  a  wide  superior  and  infenor 
surface,  separated  by  an  anterior  and  posterior  margin. 
In  the  natural  position  of  the  bone,  the  prismatic  portion 
extends  fi-om  the  sternum  to  the  coracoid  process  of  the 
scapula,  and  the  flat  portion  from  the  coracoid  process  to 
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the  acromion.  Tlie  prismatic  portion  is  subject  to  consider- 
able variations  of  form.  In  ill-developed  specimens  it 
presents  indistinct  angles,  and  a  smooth  rounded  contour, 
so  that  its  surfaces  merge  into  each  other,  and  cannot  be 
esaetlv  defined.  All  its  edges,  on  the  contrary,  are 
strongly  pronounced  in  individuals  of  great  muscular 
force.^or  who  have  exercised  a  trade  requiring  hard  and 
continuous  manual  labour.  In  these  instances  it  often 
resembles  a  quadi-angular,  rather  than  a  triangular  prism. 
Indeed,  the  bulk,  curvature,  and  angularity  of  the  clavicle, 
increase  in  direct  proportion  with  the  exercise  of  the 
upper  extremitv.  Whence,  doubtless,  it  happens,  that  the 
clavicle  is  smoother,  more  slender,  less  curved,  and  (con- 
sequently) longer,  in  the  female  than  in  the  male. 

The  lines  of  the  clavicle  are  rounded  and  indefinite  to- 
wards the  middle  of  the  bone  ;  and,  near  the  extremities, 
though  sufficiently  distinct,  are  apt  to  be  confounded  with 
certain  irregular  ridges,  which  are  there  occasioned  by  mus- 
cular and  ligamentous  attachments.  These  circumstances, 
together  with  the  pecuHarities  of  form  frequently  pre- 
sented by  individual  specimens,  render  the  clavicle  a  very 
difficult  bone  for  the  student  clearly  to  apprehend.  The 
best  practical  rule,  in  this  and  in  similar  cases,  is  to  pro- 
cure as  many  specimens  as  possible  for  reference,  to  retain 
them,  during  examination,  in  the  natural  position,  and  to 
commence  with  a  rapid  survey  of  the  principal  features, 
leaving  such  points  as  cannot  readily  be  _  made  out,  for 
subsequent  research,  when  some  general  notion  of  the  form 
and  relations  of  the  bone  shall  have  been  acquired.* 

233.  From  these  introductory  observations,  we  proceed 
to  the  minute  description  of  the  clavicle,  in  which  we 
shall  adopt  the  arrangement  suggested  by  its  natural 
divi.sion.s ;  considering,  in  the  first  place,  its  external 
flafJeafjJ,  portion,  secondly,  its  prismatic  portion,  and 
la.stly,  its  extremities. 

2-'A.  Flat  portion  of  the  clavicle.    Is  curved  so  as 


*  The  plan  of  occasionally  deferring  for  a  while  the  considera- 
tion of  difficult  points,  is  one  of  great  practical  utility  m  the  study 
of  all  branches  of  science,  and  esp<-cially,  perhaps,  of  anatomy. 
For  the  sequel  of  a  description  often  throws  light  upon  its  com- 
mencement ;  and  the  more  striking  objects,  noticed  in  a  preliminary 
snrvey,  serve  afterwards  as  Kan'hiiarks  and  guides,  to  indicate  tho 
position  of  rninnte  particulars,  wliicl.  rnigiit  otlicrwiso  liavo  cost 
the  stndent  ranch  uncertain  and  tedious  investigation,  or  oven  havo 
entirely  eladed  bia  research. 
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to  present  a  concave  edge  in  front,  and  ofFers  for  examina- 
tion  an  upper  and  a  lower  surface,  separated  by  an 
anterior  and  a  posterior  hovdm:  Surfaces.  Superior 
Convex,  rough,  perforated  with  nutrient  foramina,  and 
covered,  m  the  recent  subject,  by  the  interlaced  aponeu- 
rosis  ot  two  muscles,*  whose  fleshy  fibres  encroach  a  Uttle 
upon  it  before  and  behind.  Inferior.  Uneven,  and  per- 
torated  with  small  vascular  apertures.  It  presents  at  its 
posterior  part  a  tubercle  which  is  situated  just  where  the 
jUMenecl  portion  oi  the  bone  joins  the  prismatic  portion. 
Ihis  rough  eminence  is  called  the  tuberosity  of  the  clavicle  ■ 
it  surmounts,  m  the  skeleton,  the  coracoid  process  of  the 
scapula,  and  gives  attachment  to  a  strong  ligament.f 
±  rom  the  tuberosity  a  rough  ridge  runs  outward  and  for- 
ward, to  the  extremity  of  the  bone,  crossing  obliquely  the 
inferior  surface  of  the  flattened  portion.  This  is  called 
the  ohhque  line  of  the  clavicle,  and  gives  attacliment  to 
another  strong  ligament.J  Borders.  Anterior.  Thin, 
concave,  and  rough,  for  the  insertion  of  a  muscle.§  Pos- 
terior. Much  thicker  than  the  anterior,  and  often  so  flat 
as  to  deserve  the  name  of  a  surface  (indeed,  it  is  con- 
tinuous, as  we  shall  presently  find,  with  the  posterior 
surface  of  the  prismatic  portion).  It  is  rough,  and  gives 
attachment  to  a  muscle. || 

235.  Prismatic  roRTioy.  Curved,  so  as  to  offer  a  con- 
vexity in  front,  and  twisted  on  its  axis,  so  that  the  aspect 
of  its  surfaces  varies  in  diflerent  portions  of  their  length. 
It  presents  three  surfaces,  sei^arated  by  three  lines  or 
borders.  Surfaces.  Anterior.  Convex,  directed  forward, 
and  a  Httle  upward,  at  its  sternal  end,  forward, 
outward,  and  considerably  more  upward,  at  its  acromial 
extremity,  where  it  becomes  continuous  with  the  superior 
surface  of  the  flat  portion.  It  presents,  internally,  the 
impression  of  a  muscle  ;1[  externally  it  is  smooth,  and 
nearly  subcutaneous,  being  only  covered  by  an  extremely 
thin  muscular  exiDansion,**  and  by  some  nervous  fila- 
ments.ft  Posterior.  Concave  and  smooth,  directed  back- 
ward and  upward  at  its  inner  extremity,  backward,  inward, 
and  a  little  downward,  towards  its  outer  extremity,  where 

*  Deltoid  and  trapezius.  t  Conoid, 

t  Trapezoid.  §  Deltoid.  ||  Trapezius. 

IT  Steruo-cleido-mastoideus.  **  Platysma  myoidos. 

■ft  Bi-anchps  of  tlio  cervical  plexus  (one  of  wliicli  sometimes 
passes  through  the  substance  of  the  boue). 
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it  presents  tlie  foramen  for  the  principal  nutrient  artery 
of  the  bone,*  and  becomes  continuous  with  the  posterior 
border  of  the  Bat  portion.  This  surfaces  corresponds  in 
the  recent  siibject,  to  large  and  imj^ortant  nerves.f  and 
vessels,  j  Infertor.  Rough,  perforated  by  numerous  vas- 
cular foramina,  gradually  increasing  in  width  toward  its 
outer  extremity,  where  it  is  continuous  with  the  inferior 
surface  of  the  flat  portion.  It  is  marked  with  a  rough, 
longitutlinal  gi-oove,  wider  externally  than  internally, 
which  is  called  the  subclavian  groove,  and  gives  insertion, 
by  its  concavity,  to  a  muscle, §  and  by  its  anterior  lip,  to  a 
strong  aponem'osis.||  Internal  to  this  groove,  there  is  a 
rough  impression,  called  the  rhomhoid  impression,  for  the 
attachment  of  a  ligament;^  and,  still  further  inward, 
there  frequently  appears  a  little  narrow  facet,  by  which 
the  clavicle  articulates  with  the  cartilage  of  the  first  rib. 
Borders.  Superior.  Separates  the  anterior  from  the 
posterior  surface,  is  rounded  and  indistinct  internally, 
more  obvious  externally,  where  it  joins  the  posterior 
border  of  the  flat  portion.  Anterior.  Separates  the 
anterior  from  the  inferior  surface.  It  is  rough  internally 
for  the  attachment  of  a  muscle,**  and  continuous  exter- 
nally with  the  anterior  margin  of  the  flat  portion  (which 
also  gives  insertion  to  a  muscle). ft  Near  the  junction  of 
the  prismatic  and  flat  portions,  this  border  of  the  clavicle 
presents  a  Httle  smooth  space  to  which  no  muscular  fibres 
are  attached.  Posterior.  Separates  the  inferior  from  the 
posterior  surface.  It  is  not  always  very  distinct,  but  it 
follows  the  direction  of  a  line  drawn  from  the  rhomboid 

j    impression  to  the  tuberosity  of  the  clavicle,  along  the 

j    posterior  border  of  the  subclavian  groove. 

23o.  ExTRE3iiTi£S.  Inner,  or  sternal.  Presents  a  tri- 
angular, articular  surface,  directed  downward,  inward, 
and  forward,  concave  from  before  forward,  .slightly  con- 
vex in  the  opposite  direction,  and  united,  by  the  inter- 
vention of  an  inter-articular  fibro-cartilage,  with  the 
corresponding   depression  in  the  upper  margin  of  the 


*  G':iif;rally  sai'l  by  anatomi.sts  to  occur  in  tlio  siilicl.avian  groove, 
in  which  po?iit.iori,  howovcr,  it  i.s  vorj'  rarely  to  \»;  fouiid. 
t  Brachial  plexus.  t  Siibclavirui  artery  aii'l  vein. 

§  .SiiU_;laviu.9.  ||  Aponcurowi.s  of  tin;  Hubclavius. 

7  Costo-claviciilar. 
*•  Clavicular  divi.tion,  or  portifj  attollcijs,  of  the  pcctoralLs  major, 
tt  Trapezius. 
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manubrium.  Of  its  three  angles,  the  posierior-inferior 
is  distinguished  by  being  prolonged  downward  and  back- 
ward, so  as  to  render  this  .surface  considerably  larger 
than  the  surface  with  which  it  articulates  ;  the  fniperior 
is  connected,  by  ligamentous  fibres,  with  the  uj^i^er  ex- 
tremity of  the  fibro-cartilage  of  the  joint;  the  anterior- 
viiferior  is  nowise  remarkable.  This  extremity  of  the 
clavicle  is  surrounded  by  a  rough  border,  into  which 
several  ligaments*  are  inserted.  Outer.  Presents  an 
oval,  articular  facet,  generally  convex,  sometimes  slightly 
concave,  directed  forward  and  outward,  to  articulate  \vith 
a  corresponding  depression  on  the  acromion  process  of 
the  scapula.  The  borders  of  this  facet  give  attachment 
to  ligaments.f 

237.  Strd  CTURE.  If  its  shape  and  functions  assimi- 
late the  clavicle  to  the  cylindrical  bones  of  the  extremities, 
while  its  transcendental  analogies  determine  its  position 
in  the  costal  series,  this  double  relation  is  in  exact  ac- 
cordance with  the  interior  conformation  of  the  bone. 
Like  the  ribs  it  is  very  elastic,  and  cellular  in  the  shaft 
as  well  as  at  the  extremities ;  hke  the  long  bones,  it  is 
invested  with  a  compact  layer  thicker  near  the  middle 
than  at  either  end,  and  possesses  a  medullary  canal,  small 
indeed,  and  indistinct,  but  sufficient  to  indicate  an  ap- 
proximation to  the  cylindrical  form.  Development.  The 
bulk  of  the  clavicle  ossifies  from  a  single  point.  A  thin 
lamina,  however,  is  subsequently  developed  at  each  ex- 
tremity, as  a  sejjarate  epiphysis,  which  ultimately 
coalesces  wdth  the  body  of  the  bone.  Abticulation. 
With  the  first  bone  of  the  sternum,  and  with  the 
scapula.  Frequently  also  with  the  cartilage  of  the  first 
rib. 

OP  THE  ELASTICITY  OF  THE  CLAVICLE. 

238.  The  clavicle  has  always  been  supposed  to  possess 
a  certain  elasticity  in  virtue  of  its  double  curvature  ;  but 
no  attempt,  I  believe,  has  hitherto  been  made  to  ascer- 
tain, by  direct  experiment,  the  amount  of  its  resilient 
property.  I  have  endeavoured,  by  the  followdng  experi- 
ments, to  obtain  an  approximative  measurement  of  the 
elastic  force  resident  in  this  bone. 


•  Anterior  and  posterior  stemo-clavicular  ligaments,  and  inter- 
clavicular ligameut. 

t  Superior  and  inferior  acromio-clavicular. 
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A  claricle  was  taken  from  a  well-developed,  middle-aged 
male  subject,  shortly  after  death,  and  laid  npon  a  smooth 
surface,  with  its  shaft  perpendicular  to  the  plane  of  a 
wall,  atraiust  which  its  inner  extremity  rested. 

Upon  the  outer  extremity  of  the  bone,  thus  disposed, 
a  smart  blow  was  struck  with  a  hammer,  in  the  direction 
of  its  loug  axis.  The  hammer  rebounded  from  the  end 
of  the  bone,  ichich  sprang  to  a  distance  of  nearly  two  feet 
from  the  wall.  My  friend,  Mr.  Fergus,  in  whose  presence 
the  trial  was  made,  suggested  that  the  effect  might  de- 
pend, in  some  measure,  on  the  elasticity  of  the  cartilage 
with  whicb  the  ends  of  the  bone  are  invested.  _  This  ob- 
jection was  readily  met  by  scraping  off  the  cartilage,  and 
repeating  the  experiment.  The  result  proved  the  elas- 
ticity to'^be  independent  of  the  cartilage ;  for  the  bone 
sprang  as  far,  in  some  of  the  trials  even  farther,  than 
before"  The  bone  was  afterwards  laid  upon  a  stone  floor, 
in  such  a  position  that  it  rested,  like  an  arch,  upon  its 
two  extremities,  and  presented  the  convexity  of  its  pris- 
matic portion  towards  the  ceiling.  A  downward  blow 
being  stnick  upon  this  convexity,  the  hone  sprang  up- 
ward to  a  height  of  about  a  foot  (as  nearly  as  I  could 
judge)  from  the  ground.  (The  use  of  the  hammer  m 
these  experiments  is  attended  with  some  inconvenience. 
The  extremity  of  the  bone  is  apt  to  be  crushed  or_  splin- 
tered by  too  heavy  a  blow  ;  and  it  eludes  a  stroke  in  the 
least  degree  oblique.  In  subsequent  trials  I  have  em- 
ployed, with  advantage,  a  stout  rod  of  wood,  in  place  of 
an  iron  hammer.) 

From  these  observations  we  may  infer,  in  general  terms, 
that  the  clavicle  possesses  sufficient  longitudinal  elastic 
force  to  throw  its  own  weight  nearly  two  feet  on  a  level 
gurface ;  and  sufficient  transverse  elastic  force,  opposite 
the  centre  of  its  anterior  convexity,  to  raise  its  own  weight 
about  one  foot  vertically. 

The  physiological  explanation  of  these  facts  is  obvious. 
The  clavicle  i.s  endowed  with  this  remarkable  amount  of 
resilience,  on  account  of  the  frequency  and  violence  of 
the  concussions  to  which  it  is  exposed,  and  also  of  its  im- 
pfjrtance,  as  a  support  to  the  upper  extremity,  and  a 
defence  for  the  large  vessels  and  nerves  which  he  imme- 
diately beneath  it.  We  shall  offer  some  remarks,  in 
further  illustration  of  this  subject,  when  we  come  to 
describe  the  slighter  curvatures  of  the  radius  and  ulna. 
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239.  The  shoulder,  formed  of  the  two  bones  that  have 
now  been  described,  is  a  movable  fulcrum,  which  supports 
the  humerus  in  its  position  at  the  side  of  the  thorax,  and 
at  the  same  time  allows  it  great  latitude  of  motion.  For 
this  purpose  it  presents  a  horizontal  branch  in  front,  a 
vertical  one  behind.  The  horizontal  branch,  the  clavicle, 
resting  against  the  sternum,  prevents  the  humerus  from 
falling  inward.  Curved,  and  highly  elastic,  it  has  the 
Ijower  of  sustaining,  without  fracture,  concussions  of 
considerable  violence,  in  the  direction  of  its  length ;  the 
arched  and  prismatic  form  of  its  body  enables  it  to  resist 
blows  coming  from  the  front ;  while  the  peculiar  form  of 
its  sternal  articular  surface,  which  is  alternately  convex 
and  concave,  and  fitted  with  an  elastic,  movable  fibro- 
cartilage,  gives  it  considerable  freedom  of  motion,  both  in 
the  horizontal  and  vertical  plane.  The  posterior,  verti- 
cal^ lever,  the  scapula,  being  confined  by  no  other  articu- 
lation than  that  between  the  acromion  process  and  the 
clavicle,  of  course  enjoys  the  utmost  possible  variety  and 
extent  of  motion ;  and,  at  the  same  time,  the  constant 
apposition  of  its  large  anterior  surface  to  the  surface  of 
the  thorax  (on  which  it  glides  freely  by  the  interposition 
of  flat  muscles),  keeps  it  firm  and  steady  in  every  position 
that  it  assumes  ;  while  the  costa3,  and  i^rocesses,  which 
run,  in  every  direction,  from  the  neighbourhood  of  the 
glenoid  cavity,  afford  powerful  leverage  to  the  muscles  by 
which  it  is  moved. 

2-10.  The  shoulders,  projecting  outward  on  each  side, 
alter  the  apparent  dimensions  of  the  thorax,  giving  it  the 
appearance  of  an  inverted  cone,  whereas,  m  fact,  it  is 
larger  below  than  above. 

OF  THE  AHM. 

2-11.  The  arm  is  formed  by  a  single  bone,  the  humerus. 

OF  THE  HUJIEUTJS. 

242.  Depending  from  the  shoulder  above,  and  support- 
ing the  fore-arm  below,  this  bone  is  the  longest  and  largest 
of  the  upper  extremity.  It  is  cylindrical  above,  twisted 
on  its  axis  in  the  middle,  prismatic  and  flattened  below  ; 
and  it  presents,  for  examination,  a  superior  and  an  in- 
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ferior  cri")'?))!)'///,  between  wliieli  is  extended  the  hodij,  or 
^haft,  of  tbe  bone. 

•i43.  SuPEKiOR  EXTREJiiTY.  The  largest  and  strongest 
portion  of  the  bone.  It  presents  a  large  globular  head, 
supported  by  a  very  short  neck,  which  separates  it  from 
two  uon-articiilar  eminences,  called  the  greater  and  lesser 
tub'trosities  of  the  humerus.  Head.  Nearly  hemispheri- 
cal, covered,  in  the  recent  state,  with  articular  cartilage, 
and  set  obliquely  on  the  shaft,  so  as  to  look  upward,  in- 
ward, and  a  little  backward.  It  is  received  into  the  gle- 
noid cavity  of  the  scapula,  with  which  it  forms  the  ball- 
and-socket  joint  of  the  shoulder.  The  smooth,  convex 
surface  of  the  head  is  hmited  all  round  by  an  ixneven 
margin,  below  which  is  the  contracted  portion  already 
alluded  to  as  the  neck.  This  is  distinguished  by  the 
epithet  anatomical,  lest  it  should  be  confounded  with  the 
surgical  neck  of  the  liunieras,  which  is  situated  just  be- 
bw  the  tuberosities,  and  has  been  so  named  on  account 
of  its  liabihty  to  fracture.  The  anatomical  neck  is  very 
short  above,  where  it  presents  the  appearance  of  a  nar- 
row crroove  separating  the  head  from  the  tuberosities  ;  it 
becomes  longer  below,  where  the  direction  of  its  axis, 
forming  an  obtuse  angle  with  the  axis  of  the  shaft,  may 
be  readily  distinguished.  The  anatomical  neck  is  per- 
forated below  by  several  vascular  foramina,  and  gives 
attachment,  in  its  whole  circumference,  to  a  strong  liga- 
ment* TcBEROSiTiES.  Greater.  Situated  at  the  outer 
side  of  the  bone,  external  to  the  head,  and  to  the  lesser 
tuberosity.  Its  outer  surface  is  broad,  convex,  and  con- 
tinuous with  the  external  surface  of  the  shaft.  _  Its  supe- 
rior surface  is  divided,  by  two  slight  ridges,  _  into  three 
'  flat  facets,  an  anterior,  a  middle,  and  a  posterior,  each  of 
which  gives  attachment  to  a  muscle.t  Lesser.  This 
tuberosity  is  the  more  prominent  of  the  two,  notwith- 
standing its  inferiority  in  bulk.  It  is  situated  in  front  of 
the  head,  anterior  and  internal  to  the  greater  tuberosity, 
from  which  it  is  separated  by  the  hicipital  groove.  (2-i7) 
■  It  presents  a  rough,  tubercular  summit,  for  the  attach- 
ment of  a  muscle.+    it  i.s  just  below  these  tuberosities 


•  Capsular  ligarnf;iit  of  BliouMer-joiiit. 
t  Th^.  anterior  to  the  Biipra-spiniitiiH,  tlio  laiddlu  to  tbo  infra- 
spinatu.s,  th<;  po.st'jrior  to  tli-;  t'^rcs  minor. 

I  Subscapularis. 
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that  the  bone,  beginning  to  contract,  takes  the  name  of 
the  surgical  necJe. 

24i.  iNramoR  extremity.  Curved  forward  a  httle,  and 
flattened  from  before  backward,  so  that  its  transverse 
greatly  exceeds  its  antero-posterior  diameter.  It  presents 
for  examination  an  undulating  terminal  articular  surface, 
flanked  by  two  tubercular  eminences  called  the  condyles 
of  the  humerus,  and  surmounted  by  three  fossm,  named, 
resj)ectively,  the  olecranon  depression,  or  fossa  maxima, 
the  corunoid  depression,  or  fossa  anterior  major,  and  the 
radial  depression,  or  fossa  anterior  minor.  Condyles. 
Two  rough  non-articular  eminences,  projecting,  one  on 
each  side,  from  the  lower  extremity  of  the  humerus,  for 
the  attachment  of  muscles  and  ligaments.*  The  internal 
condyle  is  by  far  the  more  prominent  of  the  two,  and 
presents  a  slightly  enlarged  summit,  turned  a  little  back- 
ward. The  external  condyle  is  flattened  and  tubercular. 
These  eminences  are  continuous  above  with  the  sharp, 
curved  ridges,  by  which  the  inner  and  outer  borders  of  the 
shaft  commence.  Articular  surface.  Longest  in  the 
transverse  direction,  and  sloped  obliquely,  so  as  to  descend 
lower  internally  than  externally.  This  obliquity  of  the 
inferior  articular  surface  has  (as  we  shall  hereafter  de- 
monstrate) an  important  influence  on  the  position  of  the 
fore-arm  in  flexion.  Its  direction  and  degree  may  be 
gathered  from  the  observation,  that  when  the  lower  ex- 
tremity of  the  humerus  is  made  to  rest  on  a  horizontal 
plane,  the  upper  end  of  the  bone  is  thrown  outward,  fuU 
two  inches  and  a  half,  from  the  perpendicular.  The  in- 
ferior articular  surface  is  divided,  by  a  shallow  groove, 
into  two  lateral  portions,  viz.,  an  external,  small,  globular 
eminence,  called  the  lesser  head,  or  radial  tnherosify,  of 
the  humerus ;  and  an  internal,  wide,  pulley-hke  surface, 
called  the  trochlea.  The  lesser  head  is  received  into  a  cup- 
like cavity  on  the  upper  extremity  of  the  radius.  It  does 
not  extend  to  the  posterior  surface  of  the  humerus,  but 


•  The  external  condyle  attaches  a  tendon  common  to  the  extensor 
carpi  radialis  brevior,  extensor  communis  digitorum,  extensor  pro- 
prius  minimi  digiti,  and  extensor  carpi  uluaris;  it  also  gives  origin 
to  the  ancouajus,  to  the  supinator  brevis,  and  the  external  lateral 
ligament  of  the  elbow-joint. 

The  internal  condyle  gives  origin  to  the  common  tendon  ol  the 
pronator  radii  teres,  the  Hexor  carpi  radialis,  the  palniaris  longus, 
the  flexor  carpi  ulnaris,  and  the  flexor  digitorum  sublmiis  ;  also  to 
the  internal  lateral  ligament  of  the  elbow -joint. 
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appears  only  on  the  fore  part,  and  end,  of  the  bone.  The 
groove,  which  intervenes  between  the  lesser  head  and  the 
•    trochlea,  is  occupied  by  the  inner  margin  of  the  above- 
mentioned  cup-like  cavity  on  the  upper  extremity  of  the 
radius.    The  trochlea  turns  over  the  end  of  the  bone,  so 
as  to  be  equally  apparent  before,  behind,  and  below.  It 
is  convex  from  before  backward,  concave  from  side  to 
side,  presenting  two  lateral  margins  separated  by  a  shallow 
■  jrooce.    This  groove  is  wider  and  deeper  on  the  jJosterior, 
:han  on  the  anterior  aspect  of  the  trochlea.  It  is  embraced 
bv  the  -sigmoid  cavity  of  the  ulna,  ('2.^8)  to  the  undulations 
of  which  it  presents  a  converse  resemblance.    The  meter 
margin  of  the  trochlea,  narrow  and  little  prominent,  cor- 
responds, in  the  elbow-joint,  to  the  interval  between  the 
railius  and  ulna.    The  inner  margin  of  the  trochlea  is 
considerably  thicker,  and,  by  its  projection  (which  is  espe- 
cially evident  before  and  below),  gives  to  this  surface  the 
obhquity  already  described.    If  we  enumerate,  from  with- 
out inward,  the  series  of  alternate  eminence-s  and  de- 
pressions presented  by  this  remarkable  surface,  we  shall 
have,  1st,  the  lesser  head,  2ndly,  the  narrow  groove  of 
separation,  3rdly,  the  outer  margin  of  the  trochlea,  4thly, 
the  groove  of  the  trochlea,  othly,  the  inner  margin  of  the 
trochlea.    Foss.E.    Of  the  three  fossae  of  this  extremity, 
the  foisa  maxima,  or  olecranon  depression,  is  b}''  far  the 
largest  and  most  important.    It  is  a  deep,  tiiangular  ex- 
cavation, situated  immediately  above  the  trochlea,  ou  the 
posterior  aspect  of  the  humerus,  and  designed  to  receive 
the  olecranon  pjrocess  of  the  ulna,  during  extension  of  the 
j    fore-arm.    The  fossa,  anterior  major,  second  in  size  and 
I    depth,  is  placed  above  the  trochlea,  on  the  anterior  sur- 
faci  of  the  bone,  exactly  oppjosite  to  the  last-described,  to 
which  it  i.s  similar  in  form.    This  fossa  receives  the  coro- 
noid  p^rocess  of  the  ulna,  when  the  fore-arm  is  flexed,  and 
hence  derives  the  name  of  coronoid  depression.  Its 
borders  give  attachment  to  a  ligament.*    The  olecranon 
and  coronoid  fossffi  are  lined,  in  the  recent  subject,  by  the 
synovial  membrane  of  the  elbow-joint ;  in  the  skeleton, 
tney  are  only  separated  at  the  bottom  by  a  thin,  dia- 
phanous larnmaof  bone.    In  strongly  marked  specimens, 
this  lamina  sometimes  presents  a  perforation,  through 
which  the  tip  of  either  process  of  the  ulna  may  enter 


*  Antorior  lij^amcnt  of  olbow-juiut. 
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tlie  fossa  approiDi-iated  to  the  other.  The  fossa  anterior 
minor,  or  radial  depression,  is  a  slight  indentation,  situ- 
ated on  the  anterior  surface,  immediately  above  the  lesser 
head.  It  is  indistinct,  often  indeed  scarcely  ijerceptible, 
and  receives  the  anterior  margin  of  the  head  of  the  radius, 
in  extreme  flexion  of  the  fore-arm. 

24-5.  Body.  Irregularly  cylindi'ical  above,  prismatic 
and  flattened  below,  it  presents  in  the  middle  a  twi.sted 
apjDearance,  as  if  its  two  extremities  had  been  turned  in 
opposite  directions,  the  sui^erior  outward,  the  inferior  in- 
ward. In  consequence  of  this  twist,  its  surfaces  have 
different  aspects  in  different  portions  of  their  length,  a 
surface  which  is  anterior  above,  becoming  internal  below, 
&c.  The  shaft  presents  for  examination  three  borders, 
separating  three  surfaces. 

24<t).  Borders.  Anterior.  Euns  from  the  anterior  part 
of  the  greater  tuberosity  to  the  fossa  anterior  major, 
separating  the  internal  from  the  external  surface.  It  is 
rough  and  prominent  above,  where  it  forms  the  outer 
margin  of  the  bicipital  groove  (247)  and  attaches  a  muscle  ;* 
rough  also  in  the  middle,  where  it  forms  the  anterior 
boundary  of  the  deltoid  impression  (247)  and  attaches 
part  of  another  muscle  ;t  smooth  and  rounded  below, 
where  it  is  covered  by  a  third  muscle.J  External.  Euns 
from  the  posterior  part  of  the  greater  tuberosity  to  the 
external  condyle,  separating  the  external  from  the  pos- 
terior surface.  It  is  rounded  and  indistinct  at  its  upper 
part,  where  it  gives  attachment  to  a  muscle  ;§  interrupted 
in  the  middle  by  the  museulo-spiral  groove;  (247)  curved 
forward,  and  very  prominent  below,  where  it  attaches 
two  muscles. II  and  an  aponeurosis.*!"  Internal.  Euns 
from  the  lesser  tuberosity  to  the  internal  condyle,  sepa- 
rating the  internal  from  the  posterior  surface.  It  is 
prominent  above,  where  it  forms  the  inner  margin  of  the 
bicipital  groove,  and  gives  attachment  to  three  muscles;^ 
very  prominent,  and  curved  inward,  below,  where  it 
attaches,  like  the  last  described,  an  aponeurotic  septum.ft 
Intermediately  it  is  rounded  and  indistinct. 

*  Pectonilis  major.  t  Deltoid.         J  Bracliialis  ant.icus. 

§  The  long  bead  of  the  triceps  extensor  oubiti. 
II  Supinator  radii  lougus,  above  ;  extensor  cai-pi  indiaHs  longior, 

^  External  iutennuscular  aponenrosis. 
**  The  united  tendons  of  the  teres  major  and  latissimus  dorsi 
above  and  the  short  liead  of  the  triceps  extensor  cubiti  below. 
'  tt  Internal  inteniiusculai-  aponem-osis. 
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247.  Strfaces.  Posterior.  Flat,  smooth,  and  ex- 
panded below,  where  it  looks  somewhat  outward,  as 
well  as  backward ;  roiuided  above,  where  it  inclines  a 
little  inward.  It  is  covered  by  a  large  muscle,*  to 
which  it  gives  attachment  by  its  lower  third,  and  also 
bv  its  upper  and  outer  part.  Internal.  Looks  for- 
ward above,  forward  and  inward  below.  At  its  upper 
part  it  is  rendered  very  naiTow,  by  the  approximation  of 
the  inner  and  outer  lines  to  form  the  bici-pital  groove.  This 
u'roove  (named  after  a  tendon,  which  it  serves  to 
transmit), t  commences  above,  between  the  two  tuberosi- 
ties :  runs  downward  and  a  little  inward,  becoming 
.-radually  shallower ;  and  disappears  near  the  junction 
li  the  upper  and  middle  thirds  of  the  bone.  Its  margins 
are  rough  for  the  attachment  of  muscles ;  its  concavity  is 
smooth,  and  covered  in  the  recent  subject  with  a  pro- 
longation of  the  cartilage,  and  synovial  membrane  of  the 
-houlder-joint.  This  surface  is  marked,  halfway  down, 
'  V  the  coraco-hrachial  hniyression,  a  narrow,  rough  surface, 
■•'nich  attaches  a  muscle, J  and  presents  the  medullary 
'  ran  ten ,  running  obliquely  downwards  into  the  bone.  At 
its  lower  part  it  is  smooth,  and  gives  attachment  to 
mnscular  fibres. §  External.  Looks  outward  above, 
where  it  is  rounded,  and  covered  by  a  muscle  ;||  obliquely 
outward  and  forward  below,  where  it  is  flat,  curves  a 
-!:tle  forward,  and  gives  origin  to  part  of  a  muscle.^  It 

traversed  in  the  middle  by  a  broad  shallow  groove, 
hich  runs  spirally  from  behind  forward  and  downward, 
.  -  called  the  riiuscido-sjjiral  groove,  and  transmits  a  neiwe,** 
:rjd  an  artery  .ft  This  groove  is  bounded  above  by  the 
!-Uoid  impression,  a  triangular,  rough  surface,  of  con- 
-'derable  extent,  which  gives  insertion  to  a  large  muscle 
of  the  .^ame  name. 

•248.  Stkuctuke.  The  shaft  of  the  humerus  is  a  cylinder 
of  compact  tissue,  hollowed  by  a  large  medullary  canal ; 
\li  extremities  contain  a  large  Cjuantity  of  very  light 


*  Thf!  triceps  extensor  cubiti,  tho   long  hr-ad  of  which  takes 
orifrin  from  its  \\\i\i':r  ari'l  outer  part,  wliile  tho  fleshy  mass  fonned 
by  th»:  thr':e  united  heads  of  the  mu.sclo,  derives  accessory  fibres 
rorn  its  lower  third. 

t  That  of  the  long  head  of  the  bieeps  flexor  cubiti. 
C.'onieo-bracliialis.  §  Of  tlio  brachialis  anticus. 

Ijeltoid.  1  I'raehialis  anticus.  •*  M usoilo-spiral. 

J  A  bran'-h  of  the  superior  profundji,  frequently  called  the  mu6- 
;  U  L'/-spiral  artery. 
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cancellous  tissue,  covered  by  a  thin  layer  of  compact. 
Development.  By  eight  points,  of  which  three  are  in  the 
upper  extremity,  one  for  each  tuberosity,  and  one  for  the 
head,  four  in  the  lower  extremity,  one  for  each  condyle, 
one  for  the  trochlear  groove,  and  one  for  the  radial  tube- 
rosity, or  lesser  head.  The  remaining  point,  which  is  the 
first,  both  in  importance,  and  in  the  order  of  appearance, 
is  situated  in  the  middle  of  the  shaft,  whence  it  gradually 
extends  itself  towards  the  extremities.  The  shaft  of  the 
humerus  begins  to  ossify  between  the  thirtieth  and 
fortieth  day  of  foetal  life.  The  extremities  remain  entirely 
cartilaginous  during  the  first  year  after  birth.  From  that 
time  up  to  sixteen  years  of  age,  the  ossific  points  suc- 
cessively appear ;  nor  is  it  till  the  eighteenth,  or  even 
the  twentieth  year,  that  the  ossific  union  of  the  body 
and  extremities  becomes  complete.  Articulations.  With 
the  scapula,  radius,  and  ulna,  by  the  jDoints  specified 
above. 

Mechanism  and  uses.  The  mechanism  of  the  upper 
arm,  and  especially  of  its  articulation  with  the  shoulder, 
is  so  intimately  connected  with  that  of  the  adjacent 
muscles  and  ligaments,  and  presents  so  few  purely  osteo- 
logical  points,  that  its  consideration  hardly  falls  within 
the  scope  of  the  present  treatise.  What  we  have  chiefly 
here  to  observe,  is  the  combined  freedom  and  variety  of 
motion  possessed  by  the  shoulder-joint,  in  virtue  of  the 
shallowness  of  the  glenoid  cavity  ;  and  the  security  fi-om 
dislocation  afforded  to  the  humerus,  by  the  overhanging 
vault  of  the  acromion  and  coracoid  processes.  The  shape 
of  the  humerus  is  adapted  to  the  performance  of  motions 
of  velocity,  by  the  little  prominence  of  the  tuberosities, 
and  by  their  close  approximation  to  the  shoulder-joint. 
It  results  from  this  disijosition,  that  several  jDowerfol 
muscles  operate  upon  the  bone,  in  the  immediate  vicinity 
of  its  turning-point,  or  fulcrum  ;  so  that  the  space  through 
which  they  draw  their  resisective  points  of  insertion,  is 
many  times  multiijlied  at  the  opposite  end  of  the  lever. 
We  shall  hereafter  find,  in  the  elongated  neck,  and  pro- 
jecting trochanters,  of  the  thigh-bone  (which  is  the  ana- 
logue of  the  humerus  in  the  lower  extremity),  provisions 
of°a  precisely  opposite  tendency. 
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OF  THE  FOEE-ARil. 

•2-t9.  The  fore-arm  extends  from  the  elbow  to  the 
wrist,  aud  is  formed  of  two  bones,  the  radius  and  the 
ulna. 

OF  THE  RADIUS. 

•250.  A  prismatic,  slightly-curved  bone,  larger  below 
than  above,  and  situated  at  the  outer  part  of  the  fore- 
arm, parallel  with  the  ulna,  to  which  it  is  inferior  in 
length  and  bulk.  Like  all  the  long  boues,  it  presents  for 
esauiination  a  shaft  or  hodij,  and  two  extremities.  As 
the  shaft  is  divided  into  surfaces,  by  lines  which  arise 
from  particular  points  at  each  end  of  the  bone,  its  study 
i-  irreatly  facihtated  by  the  j^revious  description  of  the 

■remities. 

•J51.  Upper  extremity.  Is  smaller  than  the  lower, 
-nd  presents  a  head,  a  nech,  and  a  tuberosiiij.  Head. 
'i  iiis  is  the  expanded  articular  summit  of  the  bone.  It 
hollowed  above  by  a  cup-like  depression,  which  receives 
^  radial  tuberosity,  or  lesser  head,  of  the  humerus  ;  aud 
it  presents  a  smooth,  cartilaginous  circumference,  broader 
intemallv,  where  it  articulates  with  the  sirjnwid  cavity  of 
the  ulna,  (258)  than  externally,  where  it  is  embraced  by  a 
'  jament.*    2s£CK.    This  name  is  given  to  the  round, 

.„ooth,  constricted  portion  of  the  bone,  which  supports 
the  head.  It  is  the  slenderest  part  of  the  radius,  and 
r-urrounded  by  the  ligament  which  embraces  the  head. 

;  oipital  xcberosity.  An  eminence  situated  at  the  iu- 
;.  ;r  and  fore  part  of  the  bone,  just  where  the  neck  joins 
the  body.  It  is  divided  into  two  parts,  a  posterior,  rough 
and  tuVjercular,  an  anterior,  smooth  ;  the  rough  portion 
eives  insertion  to  a  tendon,t  which  glides  over  the  smooth 

-rface. 

•2-y2.  Lower  extremity.  Large  and  quadrilateral ;  this 
f-.ctremity  presents  five  surfaces,  and  a  .styloid  iwocess,  for 
:--icription.  Sukpaces.  Inferior,  or  terminal.  Concave, 
vxjth,  flirected  obliquely  downward  and  inward,  tri- 
angular in  form,  with  the  apex  of  the  triangle  outward, 
and  di'i'ided,  \>y  a  line  which  runs  from  before  backward, 
into  two  parts  ;  an  externoi,  triangular  for  articulation 
■with  the  scaphoid  bone ;  an  internal,  quadrilateral  for 


•  Annular  ligament.  t  That  of  tlio  bicops  fluxor  cubiti. 
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articulation  witli  tlie  semilunar  bone.  Anterior.  Con- 
tinuous with  the  corresjDouding  surface  of  the  body,  and 
somewhat  rough  for  the  attachment  of  a  ligament.*  Ex- 
ternal. This  surface  is  prolonged  downward  upon  the 
stijlu id  -process,  a  blunt  jDyramidal  eminence,  which  pro- 
jects downward  from  the  outer  side  of  the  lower  extremity 
of  the  radius,  and,  by  its  summit,  gives  attachment  to  a 
ligameut.f  The  external  surface  of  the  styloid  process  is 
marked  with  two  grooves,  which  run  from  above  obliquely 
downward  and  forward,  and  are  separated  by  a  shght 
ridge.  Each  transmits  the  tendon  of  a  muscle. J  Liter- 
nal.  Presents  a  narrow,  concave,  cartilaginous  surface, 
which  is  called  the  sigmoid  cavity  of  the  radius,  and  ar- 
ticulates with  a  corresponding  lateral  convexity  on  the 
lower  extremity  of  the  ulna.  Posterior.  Convex,  and 
continuous  with  the  corresponding  surface  of  the  shaft; 
this  surface  presents  three  grooves.  One,  placed  in  the 
median  line  of  the  bone,  is  narrow,  dee]),  bounded  on  each 
side  by  a  very  prominent  tubercle,  and  directed  from  above 
obliquely  downward  and  outward,  for  the  transmission  of 
a  single  tendon.  §  The  groove  internal  to  this  is  broad 
and  shallow  for  the  transmission  of  five  tendons, ||  four 
of  which  belong  to  a  single  muscle.  The  external  groove 
is  also  broad  and  shallow,  and,  in  a  well-marked  bone,  is 
subdivided  into  two  minor  grooves,  by  a  slight  longitudi- 
nal elevation.  Each  subdivision  transmits  the  tendon  of 
a  muscle. 

253.  Body  or  shaft.  Presents  the  foi-m  of  a  triangular 
prism,  cui-ved  ujDon  itself  so  as  to  be  convex  outward, 
and  gradually  increasing  in  size  from  above  downward. 
It  is  divided  by  three  lines  or  horders,  into  three  sur- 
faces. 

254.  Lines  or  Bordees.  Internal.  Separates  the  an- 
terior from  the  posterior  surface.  It  commences  above 
the  posterior  part  of  the  bicipital  tuberosity,  (251)  and 
bifurcates  below  into  two  branches,  which  pass  to  the  two 


•  Anterior  ligameut  of  wrist  joiut. 
t  Exterual  lateral  ligameut  of  wi-ist  joint. 
X  The  anterior  transmits  the  extensor  ossis  metacarjii  pollicis; 
the  posterior  transmits  the  extensor  pruni  internodii  pollicis. 
5  That  of  the  extensor  seeundi  internodii  pollicis. 
II  The  four  tendons  of  the  extensor  communis  digitorum,  and  tlie 
tendon  of  the  indicator.  . 

^[  The  internal  transmits  the  extensor  carpi  radialis  longior;  tne 
exteraal,  the  extensor  carpi  radialis  brevier. 
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extremities  of  the  si'jmoid  cavifi/.     (252)  It  is  slio-litly 
coucave.  very  sharp  aud  prominent,  directed  toward  the 
nlna.  aud  connected  with  a  broad  ligament,*  that  stretches 
between  the  two  bones.    Anteyior.    Separates  the  ante- 
rior from  the  external  surface.    This  line  is  prominent 
above,  where  it  arises  from  the  anterior  part  of  the  hici- 
I  'lial  fiiherosit'i  and  runs  oblic[nely  do-s\niward  and  out- 
ward ;  loses  its  distinctness  in  the  middle,  where  it  de- 
scends verticalh- ;   and  becomes  sharp  aud  thin  at  its 
lower  extremity',  where  it  curves  a  little  forward  to  ter- 
minate, just  anterior  to  the  root  of  the  styloid  process,  in 
a  small  prominent  tubercle.    Its  upper  oblique  portion  is 
ilistinguished  by  the  name  of  the  ohlirpie  line  of  the 
radius,  and  gives  insertion  to  two  muscles  ;t  its  tubercu- 
lar termination,  at  the  root  of  the  styloid  process,  gives 
attachment  to  another  ;t  and  a  fonrth§  is  inserted  into 
its  lower  part,  for  the  space  of  about  two  inches  above  the 
tubercle.  Posterior.  Described  as  commencing  superiorly 
at  the  posterior  part  of  the  neck,  and  as  terminating  in- 
feriorly  at  the  posterior  part  of  the  root  of  the  styloid  pro- 
cess. It  is  prominent  and  distinct  in  the  middle,  but  euiirely 
dis'ippems  above  and  below.     If,  however,  the  middle 
portion  were  produced  upward  and  downward,  it  would 
reach  the  points  assigned  for  its  commencemeut  and  ter- 
mination ;   and  such  a  fictitious  extension  may  be  ad- 
vantageously employed,  in  order  to  facilitate  the  distrac- 
tion of  the  surfaces. 

2i)0.  ScRFACES.  Anterior.  Directed  somewhat  inward 
as  well  as  forward,  especially  above.  It  is  narrow,  rough, 
and  concave,  at  its  superior  extremity,  and  becomes  wider, 
smoother,  and  flatter,  as  it  descends.  By  its  upper  two- 
thirds,  [  and  its  lower  fourth,^  it  gives  attachment  to 
muscles ;  and,  at  the  junction  of  its  upper  and  middle 
thirds,  it  presents  the  medvllonj  foramen,  entering  the 
bone  olliq'.'.dy  upviard.**  Posterior.    Directed  inward  as 


•  Interosseous. 

t  Hopinator  radii  bTCvis.aud  flexor  suljliniis  digitorum  pcrforatus. 

I  Supinator  radii  loiigu.s.  §  I'ronator  quailnitus. 

1  Flexor  lon<ni.H  pollieis.  •[  Trouator  (ju.adnitus. 

•*  The  rneduUarj-  foramina  of  the  radius  and  ulna  run  upward, 
that  of  the  tiurneni.H  nins  rU/irturnr'l.  'I'lie  diroetitm  of  the  medullary 
foramina  in  the  eorresponding  hones  of  t)ie  \'%  i.s  prer-isely  the  ro- 
ver-ie:  that  i.H  to  say,  whereas  in  th<'  upper  extremity  they  ruu 
trnr.nrrln  the  central  joint  of  the  limh  (ttie  elbow),  in  thu  lower 
extremity  they  niii  frr/ra  the  central  joint  (the  knee). 
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well  as  backward,  especially  below.  It  is  narrow,  smootli, 
and  ronnded,  in  its  upper  third,  where  it  is  covered  by 
a  muscle;*  concave  in  its  middle  third,  where  it  gives 
origin  to  two  muscles,t  flat,  and  curved  a  little  back- 
ward below,  where  it  is  traversed  by  the  tendons  of  the 
five  muscles.J  which  immediately  afterward  run  in  the 
grooves  that  have  been  described  on  the  posterior  surface 
of  the  lower  extremity.  External.  Eounded  above, 
marked  in  the  middle  with  the  rough  impression  for  the 
insertion  of  a  muscle, §  rendered  narrow  below  by  the 
approximation  of  the  anterior  and  posterior  lines  (which 
terminate,  one  at  the  anterior,  the  other  at  the  posterior 
part,  of  the  root  of  the  styloid  i^rocess).  By  its  upper 
third,  this  surface  gives  insertion  to  a  muscle  ;||  and  be- 
low, it  is  covered  by  the  two  tendons  which  afterwards 
run  in  the  grooves  on  the  external  surface  of  the  styloid 
process.^ 

256.  Structuke.  Like  that  of  the  other  cylindrical 
bones.  Development.  By  three  ossific  points,  one  for 
the  shaft,  which  makes  its  appearance  at  the  jjoint  where 
the  medullary  artery  is  subsequently  found,  one  for  each 
extremity,  of  which  the  inferior  is  the  sooner  developed. 
The  ujDper  extremity  of  the  radius  is  remarkable  as  being, 
of  all  the  epiphyses,  the  last  to  ossify,  and  the  first  to 
unite  with  the  shaft.  Articulations.  With  the  humerus, 
with  the  ulna  (by  two  points),  aud  with  the  scajjhoid  and 
semilunar  bones  of  the  carpus. 

OP  THE  ULNA. 

257.  The  ulna  is  a  strongly-marked,  prismatic  bone, 
situated  at  the  inner  side  of  the  fore- arm,  parallel  with 
the  radius,  which  it  exceeds  in  length,  bulk,  and  strength; 
and  from  which  it  further  differs,  in  that  it  tapers  gradu- 
ally from  above  downward,  whereas  the  radius  diminishes 
from  its  lower  towards  its  uptper  extremity.    The  ulna  is 

*  Supinator  radii  brevis. 
t  Extensor  ossis  metaoai-pi  polliois  above ;  extensor  primi  intcr- 
nodii  pollicis  below. 

I  Which  enumerated  from  without  inward  {i.e.  passing  from  the 
styloid  process  towards  the  sigmoid  cavity  of  the  radius),  are, 
extensor  carpi  radialis  lougior,  extensor  carpi  radialis  brevier,  ox- 
tensor  secuudi  iuteruodii  pollicis,  indicator,  and  extensor  digito- 
rum  communis. 

§  Pronator  radii  teres.  ||  Supinator  nidii  brevis. 

^1  Extensor  ossis  metacarpi,  aud  primi  iuteruodii,  pollicis. 
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curveil  xipon  itself  in  sucli  a  manner,  that  its  upper  part 
is  sliijhtly  convex  both  outward  and  backward,  while  its 
lower  half  is  convex  inward.*  It  is  divided,  like  the  long 
bones  in  general,  into  shaft  and  extremities. 

•258.  Upper  extremity.  Is  the  strongest  and  thickest 
part  of  the  bone,  and  presents,  for  examination,  two  curved 
processes,  the  olecranon,  and  the  coronoid ;  and  two  con- 
cave articular  depressions,  the  greater  and  lesser  sigmoid 
caciti'-s.  Olecranon  PROCESS.  A  large  curved  erninence, 
occupying  the  summit  of  the  ulna,  and  fonning  the 
strongly-marked  posterior  angle  of  the  elbow-joint.  It  is 
somewhat  contracted  at  its, junction  with  the  shaft,  and 
bends  forward  superiorly  to  terminate  in  a  narrow  promi- 
nent tip,  which  lies,  during  extension  of  the  fore-arm,  in 
the  olecranon  depression  of  the  humerus.  It  is  exactly 
by  the  extent  of  this  process  that  the  ulna  exceeds  the 
ra'iius  in  length.  The  posterior  surface  of  the  olecranon 
is  of  a  triangular  form,  smooth  and  subcutaneous.  Its 
superior  force  is  irregularly  ciuadrilateral,  marked  with 
the  rough  impression  of  a  large  muscle  ;t  and,  in  front  of 
that,  wTth  a  transverse  groove  which  attaches  part  of  a 


*  I  had  never  imagined  that  these  slight  undulations  in  the 
shafts  of  the  cvlindrical  bones  could  play  any  important  part  in 
the  mechanism  of  the  limbs,  until  I  happened  to  learn  how  greatly 
the  durabUity  of  cai-riage-wheels  is  increased  by  a  scai'cely  per- 
Cf'ptible  curvature  in  their  spokes.     An  experienced  mechanic 
assures  me  that,  when  the  spokes  of  a  wheel  are  sufficiently  slender 
to  curve  under  the  pressure  exerted  by  the  heated  tire-iron  in 
shrinking,  though  the  deviation  from  perfect  reotilineanty  m  each 
gpok.:  does  not  exceed  two  or  three  sixteenths  of  an  inch,  they  are 
found  to  remain  firm  and  unloosened  at  the  nave,  when  wheels, 
having  Htraisht,  and  consequently  rigid  spokes,  have  opened  at  the 
joints,  and  become  unsound.    My  informant  states,  that  he  has 
known  wheels  of  slender  proportions  to  do  full  one-third  more  ser- 
vice than  others  of  stouter  construction,  and  much  greater  absolute 
strenc^b.  entirely  on  account  of  the  elastic  play  permitted  by  this 
sefrninglv  trivial  variation  of  fonn.    These  facts  afford  a  stnkiug 
and  instructive  illustration  of  the  effect  of  apparently  msigniflcaut 
curvatures,  in  distributing  the  force  of  concussion,  and  promoting 
lon-ritudinal  resilience  ;  and  they  leave  in  my  mind  no  doul)t  that 
the"' very  least  of  the  undulations  in  the  cylindrical  bones  has  a 
direct  and  important  influence,  in  promoting  elasticity,  and  dimi- 
nishing the  chances  of  fra'jture.    (For  an  approximative  expen- 
mentaf  estimate  of  the  effect,  of  rnoro  considerable  curvatures  of 
the  Unes,  the  T'ji'icT  is  referred  to  the  section  on  tho  elasticity  of 
the  clavicle,  page  202. 

t  Triceps  extensor  cubiti. 
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Lgament  *   Its  anterior  surface  is  smooth,  cartilaffinons 
directed  downward  aad  forward,  and  continuous  with  the 
superior  surface  of  the  coronoid  process.    It  forms  the 
upper  part  of  the  gi-eater  sigmoid  cavity,  for  the  account 
ot  which  its  fuller  descrii^tion  is  reserved.    This  surface 
IS  bomided,  on  each  side,  and  above,  by  a  prominent  edge 
immediately  behind  which  a  narrow  groove  runs  round 
the  olecranon,  giving  attachment,  in  the  recent  subiect 
to  a  ligament.    The  upper  part  of  this  groove  lies  close 
behind  the  tip  of  the  process,  on  the  superior  surface  (m 
the  description  of  which  it  has  just  been  mentioned) ;  its 
inferior  portions  occupy  the  narrow  lateral  surfaces,  of 
which  we  have  only  to  add,  that  they  separate  the  anterior 
and  posterior  aspects  of  the  olecranon,  and  are  continuous 
below  the  lateral  surfaces  of  the  shaft.  Cokonoid  rRocEss. 
Projects  horizontally  forwards  fi-om  the  front  of  the  ulnai 
below  the  olecranon.    It  is  a  sort  of  pyramid  continuous 
by  its  base  with  the  rest  of  the  bone,  and  curved  a  Httle 
upward  at  its  narrow  extremity,  which  is  received  during 
flexion  of  the  forearm,  into  the  coronoid  depression  of  the 
humerus.    Of  its  surfaces,  the  superior  is  smooth,  carti- 
laginous, directed  upward  and  forward,  and  continuous 
■with  the  corresponding  surface  of  the  olecranon,  with 
which  it  concurs  to  form  the  greater  sigmoid  cavity  (in 
the  description  of  which  it  will  be  included).  The  anterior 
(or  inferior)  surface  is  in-egularly  concave,  directed  ob- 
liquely downward  and  forward,  and  rough  for  the  attach- 
ment of  a  muscle.f    It  is  continuous  with  the  anterior 
surface  of  the  body,  the  junction  of  the  two  being  marked 
by  a  Little  rough  eminence,  called  the  tubercle  of  the  ulna, 
which  serves  for  the  attachment  of  a  Ugament.J  The 
inner  surface  presents  a  rough  concavity  which  attaches 
part  of  two  muscles, §  and  is  continuous  below  with  the 
inner  surface  of  the  shaft.    It  is  separated  from  the  upper 
surface  of  the  coronoid  process  by  a  prominent  tubercular 
ridge  which  gives  attachment  to  a  ligameut.||    The  outer 
surface  presents  an  oblong  articular  depression,  concave 
in  the  direction  of  its  long  diameter,  which  is  from  before 
backward ;  narrow,  and  quite  flat,  fi-om  above  downward. 
This  depression  is  called  the  lesser  sigmoid  cavity.  Its 


*  Posterior  ligament  of  elbow-joint.  f  Brachialis  nnticus. 

t  Oblique  ligament  of  elbow-joint. 
§  Pronator  radii  teres,  and  flexor  digitorum  sublimis  perforatus. 
II  Internal  lateral  ligament  of  elbow-joiut. 
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curve  is  tlie  quarter  of  a  circle,  precisely  fitting  the  cir- 
cumference of  the  head  of  the  radius,  with  which  it  arti- 
culates. Its  extremities  give  attachment,  in  the  recent 
subject,  to  the  ends  of  a  ligament,*  which  furnishes  the 
remaining  three-fourths  of  the  circle,  completing  an  osseo- 
Hgamentous  ring,  \\athin  which  the  head  of  the  radius 
turns,  as  a  swivel  witliin  its  socket.  The  greater  sigmoid 
CAVITY  is  a  large  semilunar  excavation,  concave  from 
above  downward,  but  rendered  convex  in  the  opjDosite 
direction  by  the  presence  of  a  smooth,  rounded  ridge, 
which  extends  longitudinally  from  the  tip  of  the  olecranon 
to  the  tip  of  the  coronoid  process,  and  divides  the  cavity 
into  two  portions ;  an  intevnal,  larger  and  somewhat 
concave  transversely  (as  well  as  fi-om  above  downward) : 
an  external,  narrower,  and  nearly  plane  from  side  to  side. 
The  greater  sigmoid  cavity  exactly  fits  the  trochlear 
surface  of  the  humerus,  upon  which  it  rolls.  It  is  con- 
tracted near  the  middle  by  two  lateral  notches,  which 
iniicate  the  junction  of  the  two  processes  by  which  it  is 
funned.  The  portion  above  the  notches  is  more  extensive, 
and  situated  on  the  olecranon ;  the  portion  below  them 
is  inferior  in  both  dimensions,  and  belongs  to  the  coronoid 
process. 

2-59.  Lower  extremity.     Is  mucb  smaller  than  the 
upper :  and  presents,  for  examination,  a  rounded  articular 
e^qjansion,  called  the  head  of  the  ulna,  and  a  conical 
Tiinence,  called  the  styloid  process.    Head.  Presents, 
feri'ji-ly,  a  smooth  articular  surface,  which  plays,  in  the 
ring  subject,  on  a  fibro-cartilage,  interposed  between  it 
cind  the  cuneiform  bone  of  the  carpus  ;t  eMernallij,  it  has 
a  narrow,  convex  margin,  covered  with  cartilage,  and  re- 
v;ived  into  the  sigmoid  cavity  of  the  radius.  Styloid 
'.OCE.ss.    Ls  situated  on  the  inner  and  posterior  side  of 
.e  head,  projects  downward  about  a  r^uarter  of  an  inch, 
A  terminates  in  a  rounded  tuberciilar  summit,  which. 
•  res  attachment  to  a  ligament.ij:    The  styloid  process  is 
-►■paratfcd  from  the  head,  hfil/no,  by  a  rough  depression, 
which  gives  attachment  to  the  above-mentioned  fibro-car- 
tilage, poat'^riorly,  by  a  shallow,  vertical  groove,  which 
transmits  the  tendon  of  a  rnuscle.§ 
2*^0.  Body  or  Shaft.    Prismatic  above,  where  it  curves 


*  Annular  li(^arn':rit,  of  olbow-jnint.  t  Tli'i  triimgular. 

t  Int'jran.)  Ifit'-ral  liirann-rit  of  Dm  wrist-juiiil. 
§  f^xlon.sor  caqji  uluaris. 
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forward  and  inward,  rounded  and  smooth  below,  wliere  it 
is  bent  a  little  outward.  It  gradually  diminishes  in  size 
from  above  downward,  and  presents  three  surfaces,  divdded 
by  three  borders.  Bjiedeb.8.  External.  Separates  the 
anterior  from  the  posterior  surface.  Commences,  above, 
by  two  roots,  one  from  each  extremity  of  the  lesser  sigmoid 
cavity ;  is  sharp,  jDrominent,  and  arched,  in  the  middle ; 
and  becomes  indistinct  below,  where  it  terminates  at  the 
middle  of  the  external  articular  surface  of  the  head.  It 
is  opposed,  in  its  whole  extent,  to  the  sharp  inner  border 
of  the  radius,  and  gives  attachment  to  a  ligament,*  that 
extends  between  the  two  bones.  Anterior.  Separates  the 
anterior  from  the  internal  surface.  Commences,  above, 
at  the  sharp  curved  ridge  which  runs  between  the  inner 
and  anterior  surfaces  of  the  coronoid  process  ;  is  rounded 
and  smooth,  yet  distinct,  in  the  middle,  and  terminates, 
below,  at  the  inner  side  of  the  head,  just  in  front  of  the 
styloid  process.  It  gives  origin  to  two  muscles.f  Posteriox. 
Separates  the  posterior  from  the  internal  surface.  Com- 
mences, above,  at  the  apex  of  the  triangular  surface  ob- 
served on  the  back  of  the  olecranon,  and  terminates, 
below,  at  the  posterior  part  of  the  base  of  the  styloid 
process.  It  is  very  prominent  in  the  two  upper  thirds  of 
its  extent,  but,  inferiorly,  becomes  rounded  and  indistinct. 
It  is  flexuous  in  its  course,  and  attaches  an  aponeurosis 
common  to  three  muscles. J  Subfaces.  Anterior.  Dii'ected 
forward  and  inward.  Wicle  and  concave  superiorly, 
narrow  and  convex  below,  it  presents,  at  its  junction 
vfith  the  coronoid  jarocess,  the  tubercle  ot  the  ulna,  already 
described ;  and,  two  or  three  inches  lower  down,  the  me- 
dullary foramen,  entering  the  bone  obhquely  upirard 
(see  note  **,  p.  213).  This  surface  gives  attachment  to 
two  muscles. §  Posterior.  Directed  backward  and  out- 
ward. Wide  and  concave  above,  where  it  is  continuous 
with  the  outer  surface  of  the  olecranon  process,  it  in- 
creases in  width  in  the  middle,  and  becomes  naiTOw  and 
rounded  below.    It  presents  at  its  upper  part  a  ridge, 


•  Interosseous  ligament. 

t  By  its  upper  tbird  to  tlie  flexor  digitonim  profundus  pcrfo- 
rans  :  by  its  lower  fourth  to  tlie  pronator  qimdratus. 

J  Flexor  digitorum  profundus,  flexor  carpi  idnaris,  extensor  carpi 
ulnaris. 

§  By  its  upper  tbree-fourtbs,  to  tlie  fl(>xor  digitorum  profundus; 
by  its  lower  fourth,  to  the  pronator  quacb-atus. 


ULNA. 


219 


ealleJ  the  oNi'que  line  of  the  ulna,  wHcli  runs,  from  the 
posterior  extremit}'  of  the  lesser  sigmoid  cavity,  down- 
ward and  backward  to  the  posterior  border,  which  it  joins 
at  an  acute  angle,  about  two  inches  below  its  iipjDer  ex- 
tremity. This  line  gives  attachment  to  a  muscle,*  and 
ilivides  the  posterior  surface  into  two  jmrts.  The  superior, 
and  smaller  of  these  portions,  gives  attachment  to  a 
mnscle.f  The  inferior,  and  more  extensive  portion,  is 
subdivided  into  two  parts  by  a  longitudinal  ridge.  The 
part  external  to  the  ridge  is  the  wider  of  the  two ;  it  is 
concave,  and  gives  attachment  to  four  muscles. J  The 
part  infernal  to  the  ridge  is  also  concave,  and  gives  origin, 
by  its  middle  third,  to  a  muscle. §  Internal.  Directecl 
inward  and  backward.  Broad  and  concave  above,  where 
it  is  continuous  with  the  inner  surfaces  of  the  olecranon 
and  coronoid  processes  ;  narrow  and  rounded  below.  Its 
upper  thi-ee-foui-ths  are  covered  by  a  muscle, ||  to  which 
its  upper  third  gives  origin;  its  lower  fourth  is  subcu- 
taneous. 

•261.  STRrrrrBF.  The  ulna  presents  the  ordinaiy 
structure  of  the  class  of  bones  to  which  it  belongs.  The 
olecranon  process,  in  its  interior  conformation,  as  well  as 
in  its  position  and  use,  resembles  the  patella  of  the  knee- 
joint.  Indeed,  it  may  be  regarded  as  a  short  bone,  united 
for  the  better  performance  of  its  functions,  with  the  ex- 
tremity of  the  ulna ;  and  this  view  of  its  analogies  is  con- 
firmed by  its  occasional  appearance  as  an  entirely  separate 
bone :  a  curious  variety,  an  example  of  which  has  been 
observed  by  Eosenmiiller.  Development.  By  three 
OHsific  points  ;  one  for  the  shaft,  which  appears  about  the 
fortieth  day  of  foetal  life ;  one  for  each  extremity,  de- 
velof>ed  in  the  six-th  year  after  birth.  It  is  remarkable 
that,  though  the  inferior  extremity  ossifies  earlier  than 
the  superior,  this  latter,  on  the  contrary,  is  the  first  to 
unite  with  the  shaft.  This  inverse  relation  between  the 
order  of  ossification  and  the  order  of  junction,  is  not 
peculiar  to  the  epiphyses  of  the  ulna;  it  is  a  general  law, 
e.xernplified  by  all  the  cylindrical  bones,  in  their  progress 
to  maturity.    Auticulatio.ns.    With  the  humerus  above  ; 


•  Snpinator  radii  brovis.  f  Aiicoiifua. 

♦  To  thf;  •^xt'Ti.tor  ossin  m"tac.ar]-)i  pollicis.  abovo  ;  and  bcloiv 
t.bis,  in  snw;H»ior],  to  thf;  cxtz-nsor  primi  intcruodii  pollicis,  tho 
';;<t.T)-ior  .Hectiri'li  intorrjodii  pollici.H,  and  iiidii-ator. 

5  I^xt<;u3or  carpi  ulnaris.  ,|  Floxor  digitorum  prufuiidus. 
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with  the  radius  iDoth  above  and  below  ;  and,  by  tbe  inter- 
vention of  tlie  triangular  fibro-cartilage,  with  the  cunei- 
form bone  of  the  carpus. 

MECHANISM  OF  THE  FORE-ARM. 

262.  Under  this  head  are  included  the  relations  which 
subsist,  first,  between  the  ulna  and  humerus  ;  secondly, 
between  the  radius  and  humerus  ;  and  thirdly,  between 
the  radius  and  ulna. 

The  most  prominent  characteristics  of  the  hmnero-ulnar 
ai-ticulation,  are,  great  staliility  and  strength,  with  exten- 
sive and  swift  mobility  in  a  single  plane.    The  strenf/fh 
of  the  joint  results  from  the  firmness  of  the  grasp  with 
which  the  long  curved  processes  of  the  ulna  embrace  the 
extremity  of  the  humerus  ;  and  the  limitation  of  its 
motion  to  one  plane,  depends  upon  the  reception  of  the 
longitudinal  eminence  of  the  greater  sigmoid  cavity  into 
the  corresponding  groove  of  the  trochlea.    The  direction 
of  the  plane  in  which  the  ulna  moves,  has  already  been 
noticed  in  the  course  of  the  foregoing  description.  It 
inclines  obliqiiely  inward,  at  an  angle  of  about  10°  from 
the  perpendicular  line  of  the  humerus ;  so  that  the  hand, 
in  flexion,  is  carried  toward  the  median  plane,  instead  of 
rising  vertically  to  the  shoulder.  This  obhquity  of  motion, 
which  throws  the  hand  at  once  into  the  central  position 
in  which  the  majority  of  its  actions  are  most  conveniently 
performed,  is  occasioned  by  the  prominence  of  the  inner 
margin  of  the  trochlea,  and  the  consequent  inclmation  of 
the  lower  extremity  of  the  humerus.    The  extent  of  the 
hiuo-e-like  motion  of  the  ulna  is  detei-mined  by  the  pro- 
portion which  subsists  between  the  length  of  the  olecranon 
and  coronoid  processes,  and  the  depth  of  the  depressions, 
provided,  in  the  humerus,  for  their  reception.    This  is 
such  as  to  permit  the  extension  of  the  ulna  to  nearly  a 
right  line  witb  the  humerus,  and  its  flexion  to  an  angle  of 
about  30°  with  that  bone.  The  siviftuess  of  its  motions  is 
attained  by  a  disposition  similar  to  that  which  we  have 
already  pointed  out  in  the  humerus  ;  viz.,  the  approxima- 
tion of  its  processes  of  muscular  insertion  to  the  tulerum 
of  the  lever,  and  the  consequent  conversion  of  the  jorce 
of  its  motors  near  the  elbow,  into  velocity,  at  the  distal 
extremity  of  the  limb. 

The  articulation  between  the  Immerus  and  the  radium, 
consists  in  the  reception  of  a  small  rounded  eminence  ot 
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the  former  bone,  into  a  shallow  socket,  hollowed  on  the 
top  of  the  latter.  It  allows  the  radius  to  accomijauy  the 
nlua  in  its  motions  of  extension  and  Hexion,  and  iDermits, 
in  addition,  a  spiudledike  rotation  of  its  suijerior  ex- 
tremity to  the  extent  of  about  90°.  The  contact  of  these 
surfaces,  however,  contributes  very  little  to  the  security 
of  the  elbow -joiut,  which  depends  almost  exclusively  upon 
the  humero-nlnar  articulation.  The  radius,  indeed,  would 
be  capable  of  complete  circumduction  on  the  humerus,  if 
it  were  not  hrmly  bound  to  the  ulna  by  two  articulations  ; 
the  mechanism  of  which  we  may  next  proceed  to  consider. 

In  the  -iuperior  racUo-idnar  joint,  the  ulna  jDresents  a 
cavity,  within  which  the  head  of  the  radius  rolls  ;  in  the 
infvr'io/  radio-uliiar  articulation,  on  the  contrary,  the 
ra'dius  presents  a  cavity  which  ghdes  around  a  convexity 
of  the  ulna.  When  the  head  of  the  radius  rotates,  so 
that  its  anterior  surface  becomes  internal,  the  shaft  of  the 
bone  crosses  the  ulna  at  an  acute  angle,  and  its  lower 
extremity  is  thrown  forward  and  inward.  In  this  motion  it 
carries  with  it  the  hand,  to  which  it  communicates  the  rota- 
tory movements  that  are  popularly  attributed  to  the  wrist. 

26:3.  It  has  occurred  to  me  that  the  shape  of  the  radius 
is  subject  to  a  simple  and  constant  mathematical  law, 
which  enables  us  to  express  the  relation  of  its  extremities, 
by  the  following  general  formula.  The  head  of  the  radius 
is  io  diijjosed,  in  relation  to  the  sigmoid  cavity  of  the 
lovyfi-  extremity,  that  the  axis  of  the  former,  if  proloncjed 
dovravmrd,  fails  upon  the  centre  of  the  circle,  of  ivhich  the 
lo.tter  is  a  segment. 

This  law,  to  which  I  have  not  found  a  single  exception, 
nUicfkHtH  a  more  pireci.se  definition  of  the  motions  of  the 
radius  on  the  ulna,  than  has  hitherto,  I  beUeve,  occtirred 
to  f^hysioloirists. 

Many  authors  have  loosely  stated,  that  the  radiiis 
rotates  upon  its  own  axis;  an  inexactitude  into  which  Sir 
Charle.s  Bell,  amongst  other  eminent  physiologists,  has 
fallen.  The  inaccuracy  of  such  a  description  may  be 
rendered  evident  by  the  following  experiment. 

Let  a  recent  fore-arm  be  fixed  in  a  vice,  by  the  olecranon 
proceHS,  in  such  a  manner  as  to  leave  the  radius  its  full 
freedom  of  rotation  upon  the  ulna.  Let  a  point  Ije  now 
inserted  into  the  centre  of  the  cuyj-like  cavity  on  the  head 
of  the  radiu.^,  and  another  into  the  centre  of  its  inferior 
terminal  surface,  so  that  the  two  points  may  coincide  with 
the  two  extremities  of  the  long  axis  of  the  bone.  The 
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points  being  fixed,  let  it  be  attempted  to  rotate  tbe  radius, 
or  in  anywise  to  change  its  relative  position  with  tbe 
ulna.  This  will  be  found  impossible  ;  the  radius  being  set 
fast,  and  incapable  of  any  kind  of  motion. 

Cruveilhier  is  clearly  aware  that  the  radius  does  not 
turn  on  its  own  axis  below ;  but  he  adopts  the  equally 
erroneous  notion  that  the  transverse  diameter  of  its  lower 
extremity  is  the  radius  of  the  curve  which  it  describes 
around  the  ulna  "  le  rayon  da  I'are  de  cercle  qiiil  decrit 
autour  du  c^Mtus."  ("  Anatomie  Descriptive,"  torn.  i.  p. 
421.)  On  this  supposition,  the  inner  extremity  of  a  line 
drawn  across  the  inferior  surface  of  the  radius,  in  the  direc- 
tion of  its  transverse  diameter,  would  represent  the  lower 
end  of  the  fixed  axis  around  which  the  radius  rotates. 
That  this  is  impossible  maybe  shown  by  making  a  dot  upon 
the  ulna,  precisely  opposite  the  end  of  a  line  so  drawn,  and 
then  rotating  the  radius.  The  extremity  of  the  line  will 
no  longer  correspond  to  the  dot,  but  will  be  found  re- 
moved from  it,  by  the  extent  of  a  quarter  of  a  circle.  Now, 
a  movable  point  cannot  be  the  extremity  of  a  fixed  axis. 

If  it  should  be  contended,  on  behalf  of  CruveUhier'a 
assertion,  that  the  axis  of  rotation,  though  it  cannot  pass 
through  the  extremity  of  this  line,  may  lie  in  the  interval 
between  the  radius  and  ulna,  at  a  point  immediately 
beyond  it,  the  refutation  of  such  an  opinion  is  of  the  same 
kind,  and  equally  easy.  It  is  only  necessary  to  mark  the 
terminal  surface  of  the  radius  with  lines  converging  to 
the  point  in  question,  and  then  to  perform,  as  before,  the 
movement  of  pronation.  The  lines  will  now  cease  to  in- 
dicate the  original  point ;  perpetually  changing  their 
centre  of  convergence  during  the  rotation  of  the  bone, 
and  leaving  the  true  position  of  the  stationary  axis  as  un- 
certain as  before. 

The  real  axis  of  rotation  of  the  radius  is  the  hue  a  &  in 
the  following  diagram.  This  bne  represents  the  axis  of  a 
cone,  of  which  c  d  is  the  base,  and  e  /  the  tinncated  apex. 
The  centre  of  its  truncated  apex  corresponds  with  the 
centre  of  the  head  of  the  radius,  and  the  centre  of  its 
base  coincides  with  the  centre  of  the  circle  of  which 
the  sigmoid  cavity  is  a  segment.  Hence  the  axis  of  the 
cone  must,  according  to  the  law  above  stated,  coincide 
with  the  axis  of  the  head.  This  coincidence  is  jjlainly 
shown  in  the  diagram.  The  portion  of  the  line  a  b  which 
lies  above  the  bicipital  tuberosity,  evidently  represents  the 
axis  of  the  head ;  and,  below  the  tuberosity,  where  it  quits 
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the  bone,  it  corresponds  witli  the  imaginary  prolongation 
oi'  that  axis  downwai-d. 

If  the  prolonged  axis  of  the 
head  of  the  radius  fell  upon 
any  other  point  than  the  inter- 
section of  the  radii  of  the  sig- 
moid curve,  the  advauce  of  the 
shaft,  in  pronation,  would  in- 
volve a  slight  hinge-like  mo- 
tion of  its  superior  joint;  which, 
indeed,  I  had  alwa^'s  imagined 
it  to  undergo,  until  I  happened 
to. perceive  the  true  mathema- 
tical construction  of  the  bone. 
The  result  of  the  existing  dis- 
position is,  that  the  pronation 
of  the  radius,  and  the  simulta- 
neous advance,  and  inward  mo- 
tion, of  its  lower  extremity,  are 
performed  icithout  disturbance 
to  the  parallelism  of  its  supe- 
rior jaint. 

OF  THE  HAI^D. 

•264.  The  hand,  which  is  the 
.-mallest,  is  also  the  most  com- 
plex division  of  the  upper  ex- 
tremity ;  containing  twenty- 
seven  bones,  and  thirty-two 
articulation.s.  Moreover,  as 
palpation  and  prehension  are 
the  distinguishing  characteris- 
tics of  the  thoracic  extremity, 
so  does  the  hand,  by  which 
these  functions  are  immedi-  < 
ately  performed,  constitute  its 

-iential  part;  the  arm  and 

-re-arm  serving  but  as  subordinate  agents,  to  remove 
hand  from  the  trunk,  and  to  give  scope  and  variety 
-M  its  motion.s.* 
The  hand  ia  of  an  ovoid  form,  convex  posteriorly,  con- 


•  Hence,  these  upper  portions  of  the  limb  aro  often  rudimentary, 
-v'fien  the  terminal  division  exists  fully  developed  ;  as  in  the  ceta- 
.  yus  mammalia. 
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cave  in  front.  It  is  divided  into  three  portions,  distin- 
guished by  well-marked  differences  of  size,  form,  and 
function  ;  viz.,  the  cwqms  or  lurid,  the  metacarpus  or 
palm,  and  the  phalanges  or  fingers.  Each  of  these 
divisions  exceeds  its  j^redecessor  in  extent.  Thus,  to  the 
length  of  the  hand,  which  constitutes  about  a  foui-th  of 
the  entire  limb  (measured  from  the  shoulder- joint  to  the 
tip  of  the  longest  finger),  the  carpus  contributes  (in  round 
numbers)  ten  parts,  the  metacarjjus  eighteen,  the  pha- 
langes twenty-eight. 

01'  THE  CARPUS  OB,  WHIST. 

265.  The  carjjus  consists  of  eight  small  bones,  disposed 
in  two  horizontal  rows,  of  four  each,  and  articulated, 
above  with  the  fore-arm,  below  with  the  metacariius,  and 
intermediately  with  one  another.  The  bones  of  the  upper 
row,  enumerated  from  the  radial  to  the  ulnar  side  (which 
is  the  direction  always  ado]3ted  in  enumerating  the  bones 
of  the  hand),  are  the  s^caplioides,  semilunare,  cunciforme, 
and  pisiforme.  The  bones  of  the  lower  row,' enumerated, 
in  like  manner,  from  without  inward,  are  the  trapezium, 
trapezoides,  magnum,  and  unciforme. 

The  piisiform  bone  presents,  in  all  its  characters,  a 
complete  contrast  to  the  rest  of  the  series.  It  is  pecuhar 
in  its  form,  in  its  size,  in  its  relative  position,  and  in  its 
use.  Hence  in  the  following  general  description  of  the 
carpal  bones,  the  pisiform  must  be  understood  to  form  a 
standing  exception. 

OF  THE  CARPAL  BONES  IN  GENERAL. 

266.  Every  carpal  bone  presents  six  surfaces,  of  which 
the  anterior  and  posterior  are  rough  for  the  attachment 
of  ligaments ;  the  superior  and  inferior  smooth  and 
articular ;  the  two  lateral  also  smooth  and  articular, 
when  directed  towards  contiguous  bones  ;  other^Nase  rough 
and  tubercular. 

Of  the  non-articular  surfaces,  the  posterior  is  generally 
wider  than  the  anterior.  Of  the  articular  surfaces,  the 
superior  is  generally  convex,  the  inferior  concave,  the  two 
lateral  jDlane  in  the  upper  row,  sinuously  curved  in  the 
lower.  All  these  rules,  however,  are  subject  to  indi-sadual 
exceptions. 

267.  Structure.    The  interior  confoi-mation  of  the 
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bones  of  the  carpus  exemplifies  that  of  the  cuboid  bones 
in  general.  _  They  consist  of  a  light  and  highly  elastic 
cancellous  tissue,  enveloped  in  a  very  thin  compact  layer.  \ 
DEVtLoi'MEM.  By  a  single  ossitic  point  for  each.  These 
points  appear  successively  at  various  periods,  from  the 
tirst  to  the  fifteenth  year  after  birth.  Those  of  the  os 
magnum  and  cuneiforme  are  first  observed ;  that  of  the 
pisLtorm  comes  last.  Indeed,  of  all  the  bones  of  the 
skeleton,  the  pisiform  bone  is  the  last  to  ossify. 

The  carpus  is  bound  together  by  numerous  ligaments, 
passing  between  the  non-articular  surfaces  of  adjacent 
bones.  These  ordinary  fastenings  of  the  carpus  are 
implied,  in  the  following  descriptions,  whenever  mention 
:s  made  of  ligaments,  without  reference  to  any  name  at 
the  foot  of  the  page. 

OF  THE  CAHPAL  BOXES  IN  PAKTICULAK.* 


UPPER  now. 

268.  ScAPHOiDES.  A  bone  of  an  oblong  form,  the  largest 
of  its  row,  and  so  di.sposed  that  its  long  diameter  runs, 
from  above,  obliquely  downward,  outward,  and  forward! 
.-^CKFACES.  Superior.  Directed  upward,  outward,  and 
backward.  Convex,  smooth,  triangular,  and  articulatecl 
with  the  outer  division  of  the  articular  surface  on  the 
lower  extremity  of  the  radius.  (252)  Inferior.  Directed 
downward,  outward,  and  backward.  Convex,  smooth, 
triangular,  and  divided,  by  a  slight  ridge  running  from' 
:-;fore  backward,  into  two  portions ;  an  udernal,  snialler 
;.i  .size,  and  quailrilateral  in  form,  articulating  with  the 
j  traf^zoides  ;  an  external,  more  extensive,  and  of  trian- 
I    grilar  outline,  articulating  with  the  trapezium.  (The 


'  I  have  (lo.scribed  the  carpal  bones  with  a  degree  of  minuteness 
which  some  jj'-rsons  may  consider  excessive,  beeau.se  ]  tliink  that 
t;j<:ir  shafx:  and  r<;lation.s  are  far  more  rapidly  and  easily  learnt  by 
aid  of  a  preci.se  than  of  a  loose  description.  Cruveilhier,  indeed, 
i  .Clares  the  s/^parate  examination  of  thi-se  bones  to  be  ti-dious  and 
ij.Heless.  and  sati.sfies  himself  with  a  collective  descrijitiun  of  each 
row.  The  inadequacy  of  tliis  method  is  snflieioutly  shown  l)y  the 
errors  into  which  it  has  b<jtrayed  its  usually  careful  and  arcnrato 
author  (a.i,  for  example,  that'  the  pisiform  articulates  with  tho 

■  ineiform  by  a  to^r'i/  facet  (p.  24.-'.) ;  that  the  antenor  surface  of 

■  ,e  9':miliinar  \y>u':  Is  h-M  i-xienslve  than  tlie  posterior  (ibid.),  kc.  ■ 
-  ■isstatements  rath'-r  implied  ttjan  directly  advain-ed;  evidintly 
.  .t  inti-nded  by  the  writer,  but  iuoideutal  to  a  vague  and  inexact 
taethod 
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ridge  of  separation  on  this  surface  becomes  indistinct, 
often  quite  imperceptible,  when  the  articular  cartUage  is 
removed.)  Posterior.  Diminished  in  its  vertical  extent 
by  the  encroachment  of  the  superior  and  inferior  surfaces, 
which  extend  over  this  aspect,  so  as  to  leave  between 
them  only  a  narrow,  rough  groove,  for  the  attachment  of 
ligaments.  Anterior.  Directed  forward,  ujjward,  and 
inward.  Concave  and  rough  above,  elevated  below  into 
a  prominent  tubercle,  which  extends  forward  from  the 
front  of  the  carpus,  for  the  attachment  of  a  muscle,*  and 
a  ligament.f  External.  Directed  upward  and  outward ; 
narrow  and  rough  for  the  attachment  of  a  ligament.^ 
Internal.  Smooth  and  cartilaginous,  divided,  by  a  hori- 
zontal crescentic  ridge,  into  two  parts  a  superior, 
directed  inward  and  forward,  narrow,  semilunar,  jslane, 
and  articulated  with  the  semilunar  bone  ;  an  inferior  and 
larger,  directed  inward,  forward,  and  downward,  and  con- 
tributing, by  its  oval  concavity,  to  form  the  socket  for  the 
head  of  "the  os  magnum.  (274)  Articulations.  With 
the  radius  above,  the  trapezium  and  trapezoides  below, 
the  semilunar  boue  and  os  magnum,  internally. 

269.  SiiMiLUNAiiE.  A  boue  of  crescentic  form,  with  the 
concavity  directed  downward  ;  wider  before  than  behiiid, 
and  above  than  below  ;  placed  between  the  scaphoid  and 
cuneiform  bones.  Suiifaces.  Superior.  Smooth, quad- 
rilateral, convex ;  continuous,  in  the  united  carpus,  with 
the  superior  surface  of  the  scaphoid  ;  and  directed  up- 
ward for  articulation  with  the  inner  of  the  two  divisions 
on  ithe  terminal  surface  of  the  radius.  (252)  Inferior. 
Concave  from  before  backward,  plane  from  side  to  side, 
and  divided,  by  a  line  running  from  before  backward,  into 
two  parts  ;  an  external  and  larger,  which  forms  the  upper 
part  of  the  socket  for  the  head  of  the  os  magnum ;  an 
internal,  very  narrow,  and  directed  a  Uttle  inward,  ior 
articulation  with  the  summit  of  the  unciform  bone.  (275) 
External.  Directed  outward  and  backward.  Narrow, 
semilunar,  and  plane,  for  articulation,  with  the  scaphoid. 
Internal.  Directed  inward,  forward,  and  downward. 
Smooth,  flat,  and  quadrilateral,  for  articulation  with  the 
cuneiform  bone.  Anterior  and  Posterior.  Eough  for  the 
attachment  of  ligaments.     The  anterior  is  the  more 


*  Abductor  pollicis. 
t  Autevior  aimular  ligament  of  the  carpus, 
t  Jixternal  lateral  ligamout  of  tho  wrist-joint. 
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extensive :  the  posterior  being  diminished,  above,  by  the 
}-Tolougatiou  downward  and  backward  of  the  superior 
surface.  Akticuultjoxs.  With  the  radius  above,  os 
iiiagflum  and  unciform  below,  scaphoides  and  cuneiforme 
by  its  lateral  aspects. 

:270.  CcxEiFiJKiii;.    A  bone  of  a  pyramidal  form,  having 
Its  long  diameter  placed  obliquely,  so  that  the  base  looks 
ounvard  and  upward,  and  the  apex  in  the  opposite  direc- 
t:...n     SuKFACES.    Sit^erio):    Divided  into  an  internal, 
small,  non-articular,  portion  ;  and  an  external,  more  ex- 
^  tensive  surface,  convex  and  quadrilateral,  smooth  and 
i  cartilaginous,  dii-ected  upward,  inward,  and  backward 
i  and  articulated,  by  the  intervention  of  an  inter-articular 
^  cartdage,*  with  the  end  of  the  ulna.    Inferior.  Directed 
J  downward  ana  outward,  for  articulation  with  the  unciform 
J  b-jne;  smooth,  in-egularly  quadrilateral,  and  curved  in 
1  such  a  manner  that  it  is  concave,  and  turned  a  little  for- 
ward, externally;  convex,  and  turned  a  little  backward 
r-'  its  inner  extremity.    External.     Directed  outward, 
:.ward,  and  backward;  smooth,  quadrilateral,  and  flat, 
r  articulation  with  the  semilunar  bone.    Internal.  A 
-lall.  non-articular  surface,  forming  the  lowest  point  of 
bone,  and  roughened  for  the  attachment  of  a  liga- 
i-.-Mt.f    Anterior.    This  surface  is  rough  externally  for 
1  the  attachment  of  ligaments;  and  presents,  internally,  a 
r-rnooth,  oval,  slightly  convex  surface,  which  articulates 
-.h  the  pi.siform  bone.    Posterior.    Eough  for  the  at- 
tachment of  ligaments.    Articulatioxs.    With  the  semi- 
1  lunar  bone  e.xternally,  the  pisiform  in  front,  the  unciform 
ow;  and  above  with  the  end  of  the  ulna,  through  the 
.  . -dium  of  the  triangular  cartilage. 

_  27i.  Pi.siFORME.  This,  the  smallest  of  the  carpal  bones, 
of  an  ovoid  form,  placed  vertically,  in  front  of  the  cunei- 
:  -m  }x,ne,  with  whicli  it  articulates  by  a  smooth  con- 
cavity on  Its  posterior  aspect.  It  presents  no  other  arti- 
I  cnlar  surface,  bemg  elsewhere  rough  for  the  attachment 
ot  rnu.Hcles  and  ligaments. J 


*  Cal|.T]  ihi;  trian^lar  fibro-rartilage  of  tho  wrist, 
t  A  fascif;iilii-f  of  tli.;  internal  lateral  lif;amrmt. 
:  Tn  front  it  giv':s  atUclirncnt  to  th»;  ant^frior  annular  ligament ; 
■mally.  to  a  fas'.-iciilii.s  of  tlx;  internal  lateral  lij^amenl  of  the 
ah^^ve,  to  the  flexor  carpi  ulnaris;   below,  to  the  addiirtor 
.i-'  tirnes  infiorreetly  oalle'l  «//fluctor_)  rnininii  digiti  ;  ami,  by  its 
le  cireurnference,  to  ligamentouH  bunds,  by  which  it  is  fastoaud 
cuneitorm  Xkiuh. 


228  CAEPAL  BONES  IN  PAETICULAE. 


SECOND  KOW. 

272.  Trapezium.     A  bone  of  very  irregular  shape, 
sitTiated  between  the  scaphoid  and  the  first  metacarpal 
bone.    Surfaces.    Superior.    Concave,  and  directed  up- 
ward and  inward,  for  articulation  with  the  outer  division 
of  the  lower  surface  of  the  scaphoid.    Inferior.  Directed 
downward  and  outward,  convex  from  before  backward, 
concave  from  side  to  side,  and  articulated  with  the  first 
metacarpal  bone.    Internal.    Divided  into  two  parts  by 
a  horizontal  ridge.    The  upper  and  larger  portion  is  con- 
cave, and  directed  inward  and  backward  for  articulation 
with  the  trapezoid  bone ;  the  lower  portion  is  a  httle  flat 
facet,  directed  downward  and  inward,  for  articulation 
with  a  corresponding  small  surface  on  the  second  meta- 
carpal bone.    Ewtemal  and  posterior.    Rough  for  the  at- 
tachment of  ligaments.*    Anterior.     Presents,  in  the 
middle,  a  prominent  ridge,  running  from  above,  down- 
ward, and  a  little  inward.    This  corresponds  to  a  similar, 
though  much  larger  process  of  the  unciform  bone,  and 
may  be  called  the  oblique  ridge  of  the  trapezium.  It  gives 
attachment  to  three  muscles f  and  a  hgament.J    On  its 
inner  side  is  a  groove  which  has  a  similar  oblique  direc- 
tion, and  gives  passage  to  a  tendon.§  Articulations. 
With  the  scaphoides  above,  with  the  trapezoides  and 
second  metacarpal  bone  internally,  and  with  the  first 
metacarpal  bone  below. 

273.  TaAPEZoiDES.  An  irregular  bone,  the  smallest  of 
the  second  row,  interposed  between  the  trapezium  and 
the  magnum,  larger  below  than  above,  and  behind  than 
before.  Surfaces.  Anterior  and  Posterior.  Rough  for 
the  attachment  of  ligaments.  The  latter  is  the  widest 
surface  of  the  bone ;  the  former  gives  origin  to  a  muscle.|| 
Superior.  Small,  quadrilateral,  and  concave,  for  articu- 
lation with  the  scaphoid.  Inferior.  Concave  from  before 
backward,  convex  from  side  to  side,  and  articulated  with 
the  second  metacarpal  bone.  The  surface  sometimes 
articulates  also  with  the  extremity  of  the  third  metacarpal 
bone,  by  a  narrow  facet  at  its  posterior  and  internal  part. 


•  The  external  lateral  ligament  is  attached  to  the  outer  surface  j 
the  ordinary  carpal  ligameuts  to  the  posterior.  _ 
t  Opponens,  flexor  brevis,  and  adductor  polhcis. 

X  Anterior  annular  ligament  of  carpus.  _ 
{  That  of  the  flexor  carpi  radialis.  II  Adductor  polhois. 
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E^eternal.  Smooth,  convex,  directed  outward  and  for- 
ward, and  articulated  with  .the  corresponding  surface  of 
the  trapezium.  Intenial.  Concave  and  smooth  in  front, 
for  articulation  with  the  os  magnum  ;  rough  behind,  for 
the  insertion  of  a  ligament.  Akticulations.  With  the 
scaphoid  above,  trapezium  externally,  os  magnum  inter- 
nally, second  (and  occasionally  third)  metacarpal  bone 
below. 

■27-i.  MAGNrir.  The  largest  bone  of  the  carpus,  in  the 
centre  of  which  it  is  placed.  It  presents  a  rounded  portion 
called  the  head,  above ;  a  cubical  portion  called  the  hody, 
below ;  and  an  intermediate  contracted  part,  sometimes 
distinguished  as  the  necJc.  The  separate  description  of 
these  parts  would,  however,  involve  an  unnecessary  degree 
of  prolixity.  It  is  sufficient  to  observe,  that  the  head  is 
received  into  a  socket,  formed  by  the  scaphoid  externally, 
and  the  semil\mar  bone  above ;  and  that  it  presents  a 
smooth  ridge,  running  from  before  backward,  and  cor- 
responding to  the  junction  of  those  two  bones.  Considered 
as  a  whole,  the  os  magnum  presents,  like  other  cuboid 
bones,  six  .e(«r/aces  for  examination.  Soufaces.  Superior. 
Convex  from  before  backward,  more  slightly  so  from  side 
to  side,  and  artictdated  with  the  concavity  of  the  semi- 
lunar bone.  Inferior.  Divided,  by  two  ridges  running 
from  before  backward,  into  three  portions.  Of  these  the 
rniddle  piortion  is  by  far  the  largest,  and  articulates  with 
the  third  metacarpal  bone.  It  is  curved,  so  as  to  be 
convex  posteriorly,  slightly  concave  in  front.  The  outer 
:  ortion  is  next  in  size  ;  it  is  concave,  and  directed  down- 
■  ard  and  outward,  for  articulation  with  the  second  meta- 
arjjal  bone.  The  inner  portion  is  a  little  flat  facet, 
-ituated  at  the  posterior  corner  of  the  bone,  directed 
downward  and  inward,  and  articulated  with  the  fourth 
rnetacary>al  bone.  Internal.  This  surface  of  the  bone 
presents,  posteriorly,  an  oblong,  concave,  articular  sur- 
face, which  glides  on  the  unciform  bone ;  anteriorly,  a 
rough  surface,  which  attaches  an  interosseous  ligament. 
EfJerno.l.  Presents,  at  its  lower  and  anterior  part,  a  flat, 
-rnooth  surface,  for  articulation  with  the  trapezoides. 
Jieidnd.  this  .surface  is  a  rough  space,  for  the  attachment 
of  an  interosseous  ligament.  Above  it  is  a  rough  groove, 
which  represents  the  neck,  and  also  attaches  ligamentous 
f.}>r(:H.  Above  this  groove,  again,  is  a  smooth  convexity, 
^'/hich  articulates  with  the  scaphoid,  and  forms  the  outer 
aspect  of  the  head.   Fotslcrior  and  Anterior.    Convex  and 
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rough,  for  the  attachment  of  ligaments.  The  former  is 
much  wider  than  the  latter.  Articulations.  With  the 
semilunar  bone  above;  the  second,  third,  and  fourth 
metacarpal  bones  below ;  the  scaphoides  and  trapezoides 
externally  ;  the  unciform  bone  on  its  inner  side. 

275.  Unciforme.  A  large,  wedge-shaped  bone,  placed, 
with  its  base  downward,  between  the  magnum  and  cunei- 
forme.  It  is  characterized  by  a  large  hook-like  process, 
which  will  be  presently  described.  Surfaces.  Snjierior. 
An  e.\-tremely  narrow  facet,  forming  the  apes  of  the  bone, 
slightly  convex  from  before  backward,  and  directed  up- 
ward and  outward,  to  articulate  with  the  semilunar  bone. 
Inferior.  Divided,  by  a  ridge  running  from  before  back- 
ward, into  two  portions,  of  which  the  hiner  and  larger  is 
directed  downward  and  inward,  to  articulate  with  the 
fifth  metacarpal  bone ;  while  the  oiUer  looks  directly 
downward,  and  articulates  with  the  fourth  metacarpal 
bone.  Both  these  facets  are  concave  from  before  back- 
ward ;  the  outer  is  plane,  the  inner  slightly  convex,  fi-om 
side  to  side.  External.  Presents,  posteriorly ,  a  concave, 
articular  surface,  larger  above  than  below,  and  articulated 
with  the  OS  magnum ;  in  front  of  this,  a  small,  rough, 
non-articular  portion,  for  the  insertion  of  an  interosseous 
ligament.  Internal.  Directed  obliqaely  inward  and  up- 
ward ;  curved  in  such  a  manner  that  it  is  convex,  and 
looks  a  little  backward,  at  its  upper  part  ;  while  it  is  con- 
cave, and  turned  somewhat  forward,  heloiu.  It  articu- 
lates with  the  cuneiform  bone.  Posterior.  Triangular, 
convex,  and  rough  for  the  attachment  of  Hgaments. 
Anterior.  Pi-esents,  at  its  internal  and  inferior  part,  the 
unciform  process,  a  large  hook-like  eminence,  which  first 
runs  horizontal  forward,  and  then  curves  outward,  to  give 
attachment,  by  its  summit,  to  a  strong  ligament.*  This 
process  is  flattened  from  side  to  side,  so  as  to  present  two 
lateral  surfaces,  and  a  snjjerior  and  inferior  bonier.  Ex- 
ternally, it  is  smooth,  and  grooved  in  the  vertical  sense, 
for  the  passage  of  several  tendons  ;t  and  by  its  lower 
border  it  gives  origin  to  two  muscles.J  This  process,  and 
the  pisiform  bone,  by  which  it  is  surmounted,  correspond 
to  two  smaller  eminences  occui^ying  the  same  relative 
position  at  the  opposite  end  of  the  carjDus ;  viz.,  the 


•  Anterior  annular.  f  Flexor  tcndous  of  the  baud, 

t  Oppoueus,  and  flexor  brevis,  miuiiui  digiti. 


1 


CAEPUS  IN  GENERAL. 


231 


oblique  ridge  of  the  trapezium,  and  the  tiibercle  tliat  pro- 
jects from  the  scaphoid,  immediately  above  it.  These 
four  emiueuces  staud  out  from  the  frout  of  the  carpus, 
deepeuiug  its  anterior  concavity,  and  furnishing-  attach- 
ment to  a  strong,  transverse  ligament,  which  stretches 
across  that  concavity,  closing  it  in  front,  and  forming 
with  it  an  oval  ring,  through  which  the  flexor  tendons 
run.  They  serve  also  for  the  attachment  of  several 
muscles,  to  which  their  prominence  affords  advantageous 
leveratre :  iliminishing  the  obliciuity,  and,  consequently, 
augmenting  the  force  of  their  action  upon  the  bones. 
Cruveilhier  associates  these  processes  as  the  four  aiiophij- 
■<■:■■<  of  the  carpus,  distinguishing  them  from  each  other  by 
sub-appellations  expressive  of  their  relative  position. 
Thus  the  pisiform  bone  is  the  internal-siifevior,  and  the 
unciform  process  the  internal-inferior,  apophysis  :  while 
the  tubercle  of  the  scaphoid,  and  the  obhc[ue  ridge  of  the 
trapezium,  are  respectively  the  external-snferior,  and  the 
-.ifternal-inferior,  apophyses  of  the  carpus.  This  nomen- 
clature is  worthy  of  adoption,  because  it  connects  four 
enunences,wluch  are  naturally  related  by  their  position  and 
use;  also  because  it  exhibits  the  pisiform  in  its  true  charac- 
ter, as  an  appjendage  to  the  cuneiform  bone,  rather  than  an 
independent  element  of  the  carpus  ;  a  view  founded  on 
the  size  and  relations  of  the  bone  itstdf,  and  confirmed,  as 
we  shall  hereafter  find,  by  consideration  of  its  analogue 
in  the  tarsus.  Akticulatiox.  The  uncifonii  articulates 
with  the  cuneiforme,  semilunare,  and  os  magnum  of  the 
carjjus  ;  and  with  the  fourth  and  fifth  bones  of  the  meta- 
'jarpal  series. 

OF  THE  CAKPfS  IN  GENERAL. 

■276.  The  carpus,  formed  of  these  eight  bones,  is  of  an 
elliptical  figure,  with  its  long  diameter  transverse.  It  is 
convex  from  side  to  side,  behind ;  but,  in  front,  presents 
a  concavity,  increased  by  the  four  apnplnjxcH  of  the  car- 
p'/.s,  HO  an  to  form  a  deep  groove,  which  transmits  the 
flexor  tendons  of  the  haiul.  The  vq)per  border  of  the  car- 
pus is  convex  arjd  even,  to  articulate  with  tlie  radius,  and, 
by  the  intervention  of  the  triangular  fibro-cartilagc,  with 
the  ulna.  The  lower  border  also  juv^seiits  a  general 
convexity,  though  interrupted,  and,  as  it  were,  notched, 
f'jT  articulation  with  the  metacarpal  Imiics.  It  may  be 
inferred  from  this  form  of  the  carpus,  that  the  boTies  of 
the  upper  row  (speaking  generally)  are  wider  above  than 
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below;  those  of  the  lower  row,  on  the  contrary,  wider 
below  than  above ;  and  all,  of  both  rows,  wider  behind 
than  before. 

It  is  usual,  in  treating  of  the  carpus  in  general,  to  de- 
liver some  observations  upon  the  structure  and  relations 
of  each  row  considered  as  a  whole.  But  I  object  to  this 
horizontal  division  of  the  carpus,  for  reasons  which  will 
ajDpear  in  the  following  section  ;  in  which  also  will  be  ex- 
plained the  principles  of  a  new,  and,  as  I  believe,  more 
philosophical  arrangement  of  the  carpus,  deduced  from  an 
analysis  of  its  mechanical  construction. 

MECHANISM  OF  THE  CARPUS. 

277.  Under  this  head  we  have  to  consider,  first,  the  re- 
lations of  the  carpo-radial  and  carpo-ulnar  articulations ; 
and,  secondly,  the  structure  of  the  carpus  itself,  and  the 
motions  of  its  proper  joints. 

278.  The  carpo-radial  articulation  jDresents  most  of  the 
characters  of  an  enarthrosis,  or  ball-and-socket  joint. 
The  carpal  articulating  surface  is  convei  in  every  sense, 
and  capable  of  rolling  from  before  backward,  and  from 
side  to  side,  in  the  shallow  terminal  concavity  of  the 
radius ;  communicating  to  the  hand  the  motions  of  ex- 
tension and  flexion,  abduction  and  adduction,  as  well  as 
the  comjjound  movement  of  circumduction,  which  results 
from  the  performance  of  the  four  simple  motions  in  suc- 
cessive combinations  of  two.  The  adduction  of  this  joint 
is  more  extensive  than  its  abduction,  for  reasons  which 
will  be  explained  in  the  following  paragraph.  (279)  Its 
extension  can  be  carried  further  than  its  flexion,  because 
the  carjDal  articulating  surface  descends  lower,  and  can, 
therefore,  roll  further  upon  the  radius,  behind  than  be- 
fore. (This  difference,  however,  is  more  than  compen- 
sated by  a  capability  of  flexion  resident  in  the  carpus 
itself :  (283)  so  that,  disregarding  particular  joints,  and 
considering  the  hand  generally,  the  motion  of  flexion  is 
superior  to  that  of  extension.) 

The  carpus  has  not  the  true  globular  form  of  an  enar- 
throidal  head,  being  considerably  more  extensive  trans- 
versely, than  in  the  antero-posterior  diameter.  Hence, 
it  is  totally  incapable  of  rotation  on  its_  own  axis  (a 
motion  characteristic  of  genuine  enarthrosis),  and  is  not 
brought  into  action  by  the  pronation  and  supination  of 
the  hand.    These  motions  are  performed  by  the  bones  of 
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the  fore-arm,  in  a  manner  already  described.  (262)  The 
advautatje  of  this  disposition  is  twofold.  In  the  first 
place,  the  stability  of  the  carpo-radial  joint  is  increased 
by  its  lateral  extension  ;  and  secondly,  the  long  shaft  of 
the  radius  aifords  space  for  the  insertion  of  a  much  larger 
body  of  pronators  and  supinators,  than  could  be  brought 
to  act  directly  upon  the  carpus  itself. 

279.  The  carpo-uhiar  articulation  is  smaller,_  and  far 
less  important,  than  the  last  described  joint.  It  is  formed 
by  the  smooth  lower  extremity  of  the  ulna,  on  the  one 
hand,  and  by  the  superior  aspect  of  the  cuneiform  bone 
on  the  other.  Both  its  surfaces,  when  covered  with  their 
natural  cartilage,  are  convex,  and,  consequently,  not 
adapted  to  play  upon  each  other.  But  they  are  prevented 
from  coming  into  contact  by  an  inter-articular  cartilage ; 
which,  being  slightly  hollowed  on  both  sides,  furnishes 
each  surface  with  a  concavity  adapted  for  its  reception. 
It  may  be  further  observed,  in  regard  to  the  carpo-ulnar 
joint,  that  it  is  only  brought  into  play  during  the  move- 
ment of  adduction;  its  surfaces  being _  separated  by  a 
considerable  interval,  when  the  hand  is  in  a  straight  line 
vrith  the  fore-arm;  and  by  a  still  greater,  when  it  is 


inclinf;d  outward.  Thin  non-contiguity,  which  depends 
upon  the  oblique  aspect  of  the  superior  surface  of  the 
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cuneiform  bone,  is  in  strong  contrast  with  tlie  constant 
and  close  apposition  of  the  carpo-radial  joint,  and  ac- 
counts for  the  superior  freedom  and  extent  of  the  motion 
of  adduction. 

280.  The  articulations  of  the  carped  hones  loith  each 
other,  are  chiefly  designed  to  distribute  the  force  of  con- 
cussions transmitted  from  the  metacarpus  to  the  ex- 
tremity of  the  radius.  The  number  and  complexity  of 
these  joints  seem  hitherto  to  have  deterred  anatomists 
from  attempting  an  exact  analysis  of  their  curious  me- 
chanism. But  their  several  actions  may  be  clearly  and 
orderly  developed,  by  the  simple  expedient  of  ascertain- 
ing successively  the  effect  of  a  shock  transmitted  along 
each  of  the  metacarpal  bones. 

The  i^receding  diagram  represents  a  posterior  view  of 
the  carpus,  artificially  sejjarated  (for  reasons  which  will 
presently  appear)  into  two  lateral  portions,  and  some- 
what enlarged  for  distinctness'  sahe.  a  represents  the 
scaphoid  bone,  h  the  semilunar,  c  the  cuneiform,  cl  the 
trapezium,  e  the  trapezoides,  /  the  magnum,  and  rj  the 
imciform  ;  whUe  the  figures  1,  2,  3,  4,  5,  are  placed,  each 
upon  the  metacarpal  bone  of  which  it  is  the  numerical 
designation. 

281.  A  blow,  struck  upon  either  the  fourth  or  fifth 
metacarpal  bone,  in  the  direction  of  its  length,  is  re- 
ceived by  the  uncif  orme  ;  which,  yielding  to  the  shock,  in- 
sinuates its  wedge-like  body  further  between  the  magnum 
and  cuneiforme,  dividing  part  of  the  shock  between 
those  two  bones ;  while  its  narrow  summit,  impinging 
upon  the  semilunare,  transmits  another  portion  of  the 
violence  in  a  direct  line  through  that  bone  to  the 
radius. 

A  blow  upon  the  middle  metacai-pal  bone,  passes 
directly  to  the  os  magnum,  and  is  divided  between  the 
scajDhoides  and  semilunare,  with  which  the  head  of  that 
bone  articulates. 

The  several  directions  in  which  these  shocks  reach  the 
carpus,  are  indicated  in  the  diagram,  by  the  arrows  drawn 
upon  the  last  three  metacarpal  bones  ;  and  their  subse- 
quent distribution  is  shown  by  the  groups  of  arrows 
drawn  upon  the  unciform  bone  and  the  os  magnum. 

Several  other  motions  are  impressed  xrpon  this  part  of 
the  carpus  by  concussion  of  the  fingers  which  it  supports. 
I  have  observed  a  slight  twisting  motion  of  the  cnueo- 
uncifoi-m  joint,  in  which  the  unciform  bone  advances  «i 


mech.\:n'ism  of  the  gaepus. 


235 


little  at  its  outer  side  (gliding  forward  upon  the  os  mag- 
num) and  retreats  in  a  corresponding  degree  internally;  a 
speeies  of  rotation  which  is  evidently  favoured  by  the 
alternate  convexity  and  concavity  of  the  articulating  sur- 
faces of  this  joint.  There  is  also  a  hinge-like  motion  in 
the  vertical  phme  performed  by  the  os  magnum,  the  head 
of  which  turns  within  its  scapho-semilunar  socket,  so  that 
its  lower  extremit}'  passes  a  little  backward. 

The  stitdeut  must  bear  in  mind,  in  studying  these 
actions  of  the  carpus,  how  speedily  all  its  motions  are 
arrested  by  the  tension  of  the  carpal  ligaments ;  itpon 
which,  owing  to  this  very  circumstance,  the  force  of  every 
concussion  is,  in  a  great  measure,  spent. 

28'2.  We  now  come  to  consider  that  poi-tion  of  the 
carpus  -which  is  interposed  between  the  radius  and  the 
two  most  expiosed  of  the  metacarpal  bones;  viz.,  the  first 
and  second  of  the  series ;  which  bones,  in  all  manual  ex- 
ertions (as,  for  instance,  in  striking  with  a  tool  grasped  in 
the  hand,  thrusting  with  the  open  jDalm,  falling  upon  the 
upper  extremity,  &c.)  sustain  the  chief  violence  of  every 
strain  and  concussion.  And  here,  expecting  to  find  a 
separate  mechanical  conti-ivance  for  the  mitigation  of 
■aolence  fjassing  along  each  of  these  bones,  one  is  pleased 
to  observe  how  with  a  single,  and  most  simple  provision, 
Xature  has  satisfied  the  double  exigence.  The  contrivance 
to  which  I  allude,  consists  in  a  twofold  oblicjuity  of 
the  scaphoid  bone ;  the  exact  direction  and  effect  of 
which  will  be  understood  by  reference  to  the  smaller  of 
the  two  divisions  in  the  last  diagram,  which  represents 
■.he  two  metacarpal  bones  in  question,  and  the  scaphoid 
i  i'J,)  trapezium  (cZ)  and  trapezoides  (e)  by  which  they  are 
'  -upporte'l.  The  axes  of  these  several  bones  are  respec- 
tively indicated  by  the  straight  lines  a  h,  d  i,  k  I,  e  m,  and 
/'  0  ;  and,  upon  comparing  the  direction  of  these  lines,  it 
vrill  be  seen  that  the  axi.s  of  the  scaphoid  is  inclined  upon 
that  of  the  trapezoides,  so  as  to  form  with  it  an  obtuse 
=j.ngle,  having  its  apex  turned  toward  the  radial  side.  The 
jj.bnip'ness  of  this  angle  undergoes  a  momentary  increase, 
'inring  the  passage  of  a  concussion  from  the  fore-finger 
U,  the  radius  ;  the  lower  end  of  the  scaphoid  moving  in 
'he  direction  p,  and,  by  this  action,  throwing  the  force 
'it  the  shock,  partly  on  the  surlaces  of  the  joint  itself, 
f.artly  upon  those  of  the  contiguous  bones,  and  partly 
'jfx>n  several  of  the  carpal  ligaiucnts,  which  are  jnit,  for 
j.a  instant,  upon  the  stretch,  and  immediately  afterwards, 
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Ijy  tlieir  reaction,  restore  tlie  bones  to  tteir  original  posi- 
tion. 

But  tliis  diagram  exhibits  no  sucli  angle  interposed 
between  the  radius  and  the  first  metacarpal  bone.  The 
axes  a  h,  d  i,  Ic  I,  form  a  continuous  straight  line,  along 
which  a  concussion  might  travel, 
with  unbroken  violence,  from  the 
thumb  to  the  extremity  of  the  ra- 
dius. In  fact,  the  arrangement  to 
which  the  thumb  owes  its  elas- 
ticity cannot  be  seen  in  this  view 
of  the  carpus.  It  is  shown  in  the 
y  annexed  sketch,  which  represents 
the  scaphoides,  trajiezium,  and 
first  metacarpal  bone,  seen  from 
the  radial  side.  In  this  lateral 
view,  the  axis  of  the  scaphoid  (a  h) 
is  seen  to  form  with  that  of  the 
trapezium  {cl  i)  an  obtuse  angle, 
having  the  apex  directed  forward, 
and  consequently,  not  visible  in 
a  diagram  of  the  hack  of  the 
car]3us.  The  angle  is  ]3recisely 
analogous,  in  its  relations  and 
use,  to  the  former ;  promoting,  by 
similar  means,  and  probably  in  about  an  equal  degree, 
the  longitudinal  elasticity  of  the  finger  which  it  sup- 
ports. 

283.  Besides  the  motions  thus  impressed  upon  the 
carpus  by  concussions,  its  joints  are  brought  into  play 
during  the  ordinary  movements  of  the  hand.  Thus,  in 
flexion,  the  os  magnum  turns  within  its  object,  so  that  its 
lower  extremity  advances,  together  with  the  adjacent 
bones  ;  while  the  scaphoid,  gliding  below  upon  the  trape- 
zium and  trapezoides,  assurhes  a  less  obhque  jjosition.  In 
extension,  precisely  the  opposite  motions  occur  ;  the  os 
magnum  retreats  at  its  lower  extremity,  and  the  inclination 
of  the  scaphoid  is  increased.  Ahduciion  and  adduction, 
when  suddenly  and  forcibly  performed,  produce  slight 
gliding  motions  among  the  carpal  bones,  by  which  the  jar 
of  abrupt  checks  is  considerably  diminished.  The  carpus 
is  also  susceptible  of  a  general  movement,  by  which  its 
anterior  concavity  is  slightly  increased.  But  these,  and 
the  like,  are  secondary  actions— incidental  rather  than 
essential  functions  of  the  carpus ;  which  appears  to  be 
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orgauized  for  the  special,  and  primary  purpose  of  afford- 
ing an  elastic  support  to  the  lingers. 

"5S4.  This  account  of  a  few  of  the  principal  motions  of 
the  carpus,  is  chietly  derived  from  a  minvite  ex]:)erimental 
analysis  of  the  mechanism  of  tlie  human  hand  and  foot, 
which  has  occupied  me,  at  intervals,  dui-ing  several  years  ; 
and  may  furnish,  when  comjDloted,  the  material  of  a 
separate  treatise.  I  shall  conclude,  for  the  present,  by 
suggesting  a  new  classification  of  the  carj^al  bones, 
founded  on  this  anajysis,  and  as  I  believe,  more  exten- 
sively applicable,  and,  therefore,  more  convenient,  than 
the  present  division  into  horizontal  rows. 

•2bb.  The  carpus,  considered  with  regard  to  its  me- 
chanical structure,  consists  of  two  lateral  furtions ;  an 
external,  smaller,  comprising  the  scaphoides,  trapeziiim, 
and  trapezoides,  presenting  the  trapezio-scajjhoid,  and 
trapezoidQ-scaj)hoicl  angles,  and  supporting  the  first  two 
metacarpal  bones  ;  an  i)iternal,  larger,  formed  by  the  five 
remaining  carpal  bones  and  supporting  the  three  inner 
bones  of  the  metacarpal  series.  Each  of  these  portions 
is  further  susceptible  of  a  horizontal  subdivision. 

The  inner  portion,  in  the  arrangement  of  which  the 
characters  of  firmness  and  solidity  are  conspicuous,  pre- 
sents two  bones  and  a  fixed  apophysis  (the  unciform) 
lelow ;  two  bones,  and  a  movable  apophysis  (the  pisiform) 
a.hoce. 

The  Older  portion,  in  the  construction  of  which  the 
character  of  elasticity  predominates,  presents  two  small 
bones,  of  cubical  form,  heloio ;  and  one,  of  larger  size, 
elongated  figure,  and  a  doubly  oblique  inclination,  above. 
Thi.s  portion,  like  the  former,  possesses  two  apophyses,  the 
srpei-ior.  tubercular  (belonging  to  the  scaphoid),  the 
inferior  an  unciform  ridge  (of  the  trapezium).  (These  two 
portions  of  the  carpus  are  shown,  a  little  separated  from 
each  other,  in  the  diagram  at  page  233.) 

A  precisely  analogous  difference  in  arrangement  and 
ela.sticity,  will  hereafter  be  shown  to  exist  between  the 
lat*;ral  portions  of  the  tarsus ;  so  that  this  new  division 
fumi.shes  a  ready  means  of  classifying  the  culjoid  bones, 
as  well  in  the  foot  as  in  the  hand  ;  a  douldc  applicability 
which  the  horizontal  division  cannot  bo  said  to  jiossess, 
except  it  be  taken  in  connexion  with  certain  transcendental 
views  concerning  the  modification  and  transposition  of 
bon'  s,  which  the  English  schools  are  not  yet  prepared  to 
admit.  And  if  those  views  .-jhould  be  ado^jted,  the  principle 
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of  combining  the  horizontal  and  longitudinal  divisions  in 
one  method,  as  here  proposed,  will  still  have  the  advan- 
tage of  suggesting,  at  once,  the  transcendental  and  ihe 
mechanical  relations  of  the  carpus. 

OF  THE  METACARPUS. 

286.  The  me<(X('ar]7!ts  presents  a  series  of  five  cylindrical 
bones,  which  are  articulated  with  the  carpus  above,  and 
descend,  diverging  a  little,  to  support  the  phalanges  below. 
These  bones  are  designated  numerically — first,  second, 
third,  fourth,  fifth,  proceeding  from  the  radial  to  the 
ulnar  side.  They  are  all  formed  upon  the  same  model, 
with  the  exception  of  the  first,  which  is  analogous  in 
several  of  its  characters  to  the  j^halanges.  For  this 
reason  the  first,  or  os  nietacarpi  pollicis,  will  not  be  in- 
cluded in  the  following  general  account  of  the  metacarpal 
bones  ;  but  will  be  reserved  for  separate  description  in  the 
section  on  their  differential  characters. 

COMirON  nnAUACTEKS  OF  THE  METACAKPAL  BONES. 

287.  Each  metacarpal  bone  presents  for  examination 
two  extremities,  connected  by  a  hoclij  or  shaft. 

288.  Extremities.  Siqjerior  or  Carpal.  This  extremity 
is  considerably  expanded,  somewhat  of  a  cubical  form, 
and  wider  behind  than  before.  It  presents  five  surfaces ; 
a  superior,  smooth  and  cartilaginous  for  articulation  with 
the  carjDus  :  an  anterior  and  posterior,  rough  and  tuber- 
cular for  the  attachment  of  ligaments  ;*  and  lastlj',  an 
internal  and  an  external,  presenting  small  articular  facets, 
by  which  the  metacarpal  bones  articulate  with  each  other. 
Inferior  or  digital.  Formed  by  an  oblong,  articular  con- 
dyle, flattened  on  each  side,  and  prolonged  forward,  so 
that  its  antero-posterior  exceeds  its  transverse  diameter. 
Like  the  upper  extremity,  it  presents  five  surfaces  for 
examination.  The  inferior  or  terminal  surface  is  convex 
in  all  directions,  but  especially  from  before  backward.  _  It 
is  wider,  and  extends  further  upward,  before  than  behind. 
In  the  recent  state,  it  is  covered  with  cartilage,  for  articu- 
lation with  the  first  phalanx  of  the  corresponding  finger. 
Each  lateral  surface  presents  a  rough  (if/j?-essi'o)i,  bounded 
posteriorly  by  a  small  tubercle.  To  this  tubercle,  and  to 
the  posterior  part  of  the  depression,  the  upper  extremity 
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of  a  ligament*  is  attached.  The  posterior  surface  is  wide 
and  tlat.  The  anterior  is  rendered  slightly  concave  by 
Two  little  tubercles,  which  project  forward,  one  on  each 
side,  like  diminutive  condyles  ;  and  the  shallow  groove 
thus  formed  transmits  the  Hexor  tendons  of  the  corre- 
sponding linger. 

•.^Sy.  BoDV  or  Shatt.  Of  a  prismatic  form,  curved  so 
as  to  be  convex  from  above  downward  behind,  concave  in 
the  same  direction  in  front,  and  divided  by  three  lines 
into  three  t>urfaces.  Lines.  Anterior.  This  line  commences 
above  by  two  roots,  one  from  each  side  of  the  superior 
extremity  ;  becomes  rough  and  prominent  as  it  descends ; 
and  bifurcates  below  to  terminate  at  the  two  little  condy- 
loid eminences  of  the  inferior  extremity.  The  superior 
and  inferior  bifurcations  of  this  line  enclose  small  trian- 
crular  spaces,  which  form,  as  it  were,  vestiges  of  an  anterior 
.■surface,  and  furnish  a  bearing  for  the  flexor  tendons,  in 
their  passage  across  the  palm.  It  is  on  or  near  the 
anterior  line,  a  little  above  the  middle  of  the  shaft,  that 
the  rued ullary  Jo raraen  is,  seen,  entering  the  bone  obliquely 
iipirard.  (In  adult  specimens,  however,  this  aperture  is 
usually  closed  up,  and  its  place  cannot  be  discerned.) 
lan-.r  and  outer.  A  common  description  will  suffice  for 
these  lines.  Each  descends  fi'om  one  side  of  the  superior 
extremity,  to  the  lateral  tubercle  on  the  corresponding 
.side  of  the  lower  extremity.  Smooth,  but  sufficiently 
'li.stinct,  they  separate  the  po.sterior  from  the  two  lateral 
.-uriaces.  Slkfack.s.  Posterior.  Convex  from  above  down- 
■vard,  and  wider  above  and  below  than  in  the  middle.  Its 
upper  half  is  divided,  by  a  longitudinal  ridge,  into  two 
narrow  portions.  This  ridge  bifurcates  at  the  middle  of 
the  bone,  and  its  branches  run  to  the  lateral  tubercles  of 
the  lower  extremity.  Thus  the  posterior  surface  is  divided 
i.'ito  three  portions  ;  two  superior,  directed  laterally,  of 
triangular  form  (with  the  apex  downward),  giving  attach- 
ment to  rnuHcle.H;t  one  inferior,  and  more  extensive,  also 
of  triangular  figure  (but  with  the  apex  above).  Hat, 
directed  backward,  and  covered  by  the  tendons  which 
extend  the  fingers.  Lateral.  These  surfaces  are  separated 
f  rom  each  other  by  the  anterior  line.  They  are  slightly 
':oncave  from  above  downward,  and  convex  in  the  opposite 
direction.    They  correspond  to  the  interusseom  siiuces 


'  Lateral  lij.arnent  of  th(;  rfi<:tviirpo-|)l]alangoal  joint, 
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which  exist  between  the  shafts  of  the  metacarpal  hones, 
and  they  give  attachment  to  the  muscles  which  those 
spaces  contain.* 

290.  STiincTORE.  The  metacarpal  bones  have  already 
been  stated  to  belong  to  the  class  of  cyhndrical  or  long 
bones;  we  have  here  to  add,  that  they  present  the  interior 
conformation  common  to  that  class  ;  an  account  of  which 
ynll  be  found  appended  to  the  description  of  the  humerus. 
(248)  Development.  The  four  metacarpal  bones  to 
which  the  above  general  description  exclusively  applies 
are  developed  by  two  points  each  ;  one  for  the  shaft,  and 
one  for  the  lower  extremity.  The  metacarpal  bone  of  the 
thumb  has  a  peculiar  development,  which  will  be  men- 
tioned among  its  differential  characters.  Auticulations. 
"With  the  carpal  bones,  and  with  each  other  above  ;  with 
the  phalanges  below. 

or   THE   DIFFERENTIAL  CHARACTERS    OP  THE 
METACARPAL  BONES. 


OF  THE  FIRST  METACARPAL  BONE,  OR  OS  METACARPI 
POLLICIS. 

291.  This  is  the  shortest  and  widest  of  the  metacarpal 
bones.'  It  is  placed  on  a  plane  anterior  to  that  of  the 
other  four  ;  and  it  is  so  turned,  that  its  anterior  surface 
looks  somewhat  inward  toward  them.  Moreover,  it 
diverges  from  its  carpal  joint  more  than  any  other  bone 
of  the  series;  whence  the  great  width,  and  triangular 
form,  of  the  interosseous  space  between  this  and  the 
second  metacarpal  bone.  .  . 

292.  ExTLiEMiTiES.  Superior.  Is  most  extensive  in  the 
transverse  diameter.  Its  carpal  articulatimj  surface  is 
remarkably  curved,  being  concave  fi'om  behind  forward, 
and  convex  from  side  to  side,  to  correspond  with  the 
lower  surface  of  the  trapezium,  upon  which  it  enjoys  con- 
siderable variety  and  extent  of  motion.  Its  lateral  surtaces 
are  distinguished  by  the  absence  of  articular  facets  (for 
this  bone  articulates  with  no  other  of  its  series)  ;  the 
outer  presents  a  rough  tubercle  for  the  attachment  ot  a 
muscle  t  The  anterior  and  iTOs<e)-ioi- surfaces  appertain 
to  the  prolongations  of  bone  which  ascend  before  and 


•  Interossei. 
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behind,  from  this  ertremity,  to  embrace  the  trapezium. 
These  two  processes  deserve  attention.  The  anterior  is 
long  and  thin  ;  the  posterior  is  the  shorter,  thicker,  and 
apparently  the  stronger  of  the  two.  Inferior.  This 
e^rtremity  ditiers  in  several  respects,  from  the  corre- 
sponLling  portion  of  the  other  metacarpal  bones.  It  is 
more  extensive  from  side  to  side,  than  from  before  back- 
ward ;  its  terminal  surface  is  less  convex  especially  in  the 
Transverse  direction ;  and  prolonged  upward  in  front  to 
rm  two  little  articular  condyles,  one  on  each  side,  which 
correspond  to  the  two  sesamoid  bones  of  the  thumb. 

2!:'3.  Shaft.^  The  great  width  and  the  oblique  position 
of  the  shaft  of  this  bone  have  already  been  noticed.  Its 
o.nterior  line  gives  attachment  to  a  muscle,*  and  is  less 
■iiitinctly  marked  than  the  lateral  lines,  each  of  which 
also  attaches  a  muscle.f  The  jjosterior  surface  is  wide, 
and  destitute  of  the  bifurcated  ridge  which  the  other 
metacarpal  bones  here  present. 

•2!'4.  Development.     This  bone  is  developed  by  two 
03=ific  points ;  one  for  the  shaft,  the  other  for  one  of  the 
ertremities.    But,  whereas  in  all  the  rest  of  the  series,  it 
:-  the  lower  extremity  which  ossifies  separately,  in  this 
ne,  on  the  contrary,  the  extra  point  occurs  in  the  upper 
tremity;  a  character  tending  (as  we  shall  presently 
-1)  to  assimilate  this  bone  to  the  phalanges.    Of  the 
.naining  metacarpal  bones,  the  third  is  the  longest. 
1  he  second,  fourth,  and  fifth,  diminish  in  length  in  the 
^r  ler  of  enumeration.    (The  first,  as  we  have  already 
-erved,  is  the  shortest  and  thickest  of  the  series.)  They 
-^r.;  further  distinguished  by  peculiarities  of  form,  almost 
exclusively  confined  to  their  upper  extremities. 

OP  TfTE  SECOXD  METACARP.AL  BONE,  OK  OS  METACAHPI 
INDICIS. 

■2'.'o.  This  h  the  longest  bone  of  the  series.    Its  carpal 
■'remihj  ia  prolonged  upward  internally,  and  presents 
Vz-e  and  hehind,  rough  muscular  impressions.;!:  Its 
i';rminal  surface  ia  divided  into  three  parts ;  of  which  the 


*  Flexor  brevis  poUicis. 
*  Tho  internal  attaches  tho  abductor  indicia,  and  tho  external 
opponens  jiollinig.  ' 
:  for  the  fl.  xor  carpi  radialis  in  front,  the  oxteusor  carpi  radialis 
i  'f.^-ior  bfjhind. 
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middle  is  by  far  the  largest,  concave  from  side  to  side, 
and  slightly  convex  from  before  backward,  for  articula- 
tion with  the  trapezoid  bone;  the  outer  is  a  flat  quadri- 
lateral facet,  directed  upward,  outward,  and  forward, 
for  articulation  with  the  trapezium  ;  the  inner  is  a  naiTow 
surface,  directed  upward  and  inward,  for  articulation  with 
the  OS  magnum.  Internally,  this  extremity  articulates 
by  two  Hat  facets,  placed  one  before  the  other,  with  cor- 
responding surfaces  on  the  third  metacarpal  bone. 


OF  THE  THIRD  METACAJIPAL  BONE. 

296.  Upper  extrtsmity.  Presents,  at  its  external  and 
posterior  part,  a  strong  pyramidal  eminence,  which,  in  the 
articulated  hand,  is  seen  extending  upward  behind  the  os 
magnum.  The  carpal  articulating  surface  is  concave 
behind,  and  convex  in  front.  It  corresponds  to  _  the 
middle  of  the  three  divisions  of  the  inferior  surface  of  the 
OS  magnum.  Each  late-al  surface  of  this  extremity  pre- 
sents °two  little  articular  facets  (which  are  sometirnes 
united  so  as  to  form  a  single  surface)  for  articulation 
■with  similar  facets  on  the  adjacent  metacarpal  bones. 
Its  posterior  surface  is  marked  with  a  small  tubercle, 
■which  indicates  the  attachment  of  a  muscle.* 


OP  THE  FOURTH  METACARPAL  BONE. 

297  Upper  extremity.  The  terminal  surface  is  divided 
into  two  parts ;  an  internal,  large,  slightly  convex  from 
before  backward,  plane  transversely,  and  articulated  with 
the  unciform  bone  ;  an  external,  very  small,  flat,  situated 
posteriorly,  and  articulated  with  the  os  magnum.  Its 
o^der  surface  presents  two  oval  facets,  separated  by  a 
deep  groove,  and  articulated  to  the  corresponding  facets 
on  the  third  metacarpal  bone.  Its  imier  aspect  presents 
a  nan-ow,  concave,  articular  surface,  which  umtes  with  a 
similar  one  on  the  fifth  metacarpal  bone. 


OF  THE  FIFTH  METACAHPAL  BONE. 

298  Upper  extremity.  Presents  a  terminal  surface, 
convex  from  before  backward,  slightly  conca^ve  from  side 
to  side,  and  directed  a  little  outward,  to  articulate  with 


*  Extensor  carpi  radialis  brcvior. 
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the  nnciform  bone;  an  outer  svrface,  narrow,  slightly 
convex,  and  articulated  with  the  fourth  metacarpal  bone; 
an  inner  surface,  marked  with  a  rough  tubercle,  for 
attachment  of  a  muscle.* 

2!:'9.  Body.  Is  remarkable  for  its  posterior  surface, 
which,  instead  of  the  usual  longitudinal  bifurcated  ridge, 
presents  a  simple  oblique  line,  running  diagonally,  from 
the  inner  side  of  the  upper  extremity,  to  the  outer  side 
of  the  lower.  It  is  thus  divided  into  two  parts,  of  which 
the  outer  is  concave,  for  the  attachment  of  a  muscle.f 
while  the  inner  (also  the  inferior,  and  the  more  extensive 
of  the  two)  is  smooth,  Mat,  and  covered  by  tendons.  J 

OF  THE  IIETACAEPUS  IN  GENERAL.. 

300.  The  metacarpus,  viewed  collectively,  constitutes  a 
region  of  quadrilateral  form,  wider  below  than  above, 
convex  on  the  dorsal,  concave  on  the  palmar  aspect.  Its 
JiECHANiSM  may  be  considered  under  two  heads  ;  first,  the 
relations  of  the  metacarpus  to  the  carpus,  or  the  carpo- 
metacarpa.l  articulations ;  second,  the  mutual  relations 
of  its  several  bones  to  each  other,  or  the  inter -metacarpal 
articulations. 

•301.  The  car}Jo-7netacarpal  joints  are  formed,  generally 
speaking,  by  the  contact  of  sHghtly-cm-ved  surfaces,  sus- 
ceptible only  of  very  limited  gliding  motions  on  each 
other.  But  the  articulation  between  the  trapezium  and 
the  metacarpal  bone  of  the  thumb,  is  distinguished  from 
the  rest,  as  well  by  the  pecidiarity  of  its  fonn,  as  by  its 
superior  mobility.  Its  articulating  sm-faces  are  alter- 
nately convex  and  concave,  in  opposite  directions,  so  as 
pcutually  to  embrace  and  receive  each  other  ;  exemplify- 
ing a  kind  of  joint  which  occurs  in  several  parts  of  the 
skeleton,  and  may,  perhaps,  be  conveniently  distinguished 
by  the  name  of  reciprocal  enaHhrosis.  Like  the  radio- 
C'd.rjjid  articulations,  this  joint  possesses,  in  a  limited 
degree,  all  the  motions  of  an  ordinary  enarthrosis,  except 
rotation  ;  which  is  obviously  prevented  by  the  configura- 
tion of  the  opposed  surfaces.  To  the  diversified  motions 
of  this  joint,  the  great  mobility  of  the  thumb,  aud  its 
power  of  opfiosition  to  the  fingers  (an  action  cliaracter- 
Lstic  of  the  hand),  are,  in  a  great  measure,  to  be  ascribed. 


*  Extensor  carj.!  nlnaris.  f  Foiirlli  florsiil  interosscoue. 

I  Extensors  of  the  littlu  iiugur. 
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Of  the  remaining  cariJO-nietacarpal  articulations,  two 
only  are  remarkable.  Tlie  second  presents  a  recess,  formed 
by  the  trapezium,  trapezoides,  and  magnum,  into  which 
the  metacarpal  bone  of  the  index  finger  is  received,  and 
by  which  it  is  very  firmly  maintained  in  its  position. 
The  fifth  resembles  the  first  in  the  double  curvature  of 
its  articulating  surfaces;  and  its  motions,  though  far 
more  limited  in  degree,  are  of  the  same  kind. 

302.  The  inter-met.acmjjal  joints  are  formed  merely  by 
the  meeting  of  flat,  lateral  facets,  on  the  upper  extre- 
mities of  the  metacarpal  bones;  they  are  specimens  of 
the  simplest  form  of  arfhrodia  or  gliding  joint ;  and  their 
motions,  being  speedily  checked  by  the  neighbouring 
ligaments,  are  neither  extensive  nor  important. 

OF  THE  FINGERS. 

303.  The  fingers  are  five  jointed  columns,  of  a  conical 
form,  articulated  by  their  bases  to  the  metacarpal  bones, 
and  fi-ee  in  the  rest  of  their  extent.  Each  finger  consists 
of  three  phcdanges,  distinguished  from  each  other,  as 
first,  second,  and  third,  or  metacarpal,  middle,  and  ter- 
minal. The  only  exception  to  this  rule  occurs  in  the 
thumb  ;  in  which  the  middle  phalanx  is  deficient,  and  the 
first  articulates  immediately  with  the  third  ;  wherefore, 
viewed  collectively,  the  fingers  present  a  series  of  four- 
teen phalanges,  disposed  in  three  horizontal  rows,  of 
which  the  first  and  third  contain  five  bones  each,  the 
second  only  four.  The  phalanges  of  each  row  resemble 
one  another,  and  differ  from  those  of  the  two  other  rows. 
However,  neither  the  diiference  nor  the  resemblance  is  so 
absolute,  but  that  there  remain,  on  the  oue  hand,  certain 
characters  common  to  the  whole  series  of  phalanges,  and, 
on  the  other,  means  of  identifying,  among  its  fellows, 
each  individual  member  of  either  row.  We  have,  there- 
fore, to  consider,  in  the  first  place,  the  characters  of  the 
phaian"-es  in  general;  secondly,  the  characters  pecu- 
liar to  "the  bones  of  the  first,  second,  and  third  rows 
respectively ;  and  lastly,  the  means  of  distmguishmg, 
and  ranging  in  right  order,  the  particular  bones  of  each 
row. 
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304.  The  phalanges  are  bones  of  the  class  called  cylin- 
drical ;  and  they,  consequently,  present  for  examination, 
a  bodij,  or  shaft,  and  two  extremities. 

305.  The  extremities  are  more  extensive  in  the  trans- 
verse than  in  the  antero-posterior  diameter,  convex  be- 
hind, slightly  concave  in  fi'ont,  rough  and  tubercular  on 
each  side.  The  superior  extremity  exceeds  the  inferior  in 
size ;  it  is  of  a  somewhat  cubical  form,  and  presents  a 
concave  terminal  articulating  surface,  adapted  to  the 
convex  extremity  of  the  bone  above.  The  inferior  ex- 
tremity, being  articular  in  the  two  upper  rows,  non- 
articular  in  the  third,  is  not  susceptible  of  a  general 
description.  The  shcft  tapers,  more  or  less,  fi-om  above 
downward,  and  is  curved  upon  itself  in  the  direction  of 
its  length,  so  as  to  be  convex  posteriorly,  concave  in  front. 
It  presents  an  anterior  and  a  posterior  surface,  separated 
by  two  lateral  borders.  Its  surfaces  are  smooth  ;  the 
posterior  is  convex  in  both  directions,  and  in  relation  with 
the  extensor  tendons  ;  the  anterior  is  concave  longitudi- 
nally, in  general  also  slightly  hollowed  from  side  to  side, 
and  covered  by  the  flexor  tendons.  Its  sides  are  rounded 
and  prominent,  for  the  attachment  of  ligaments.*  The 
lateral  borders  are  shai-p  and  rough ;  they  commence 
superiorly  at  the  anterior  corners  of  the  cuboid  upper  ex- 
tremity ;  converge  as  they  descend,  in  consec[uence  of  the 
tapering  form  of  the  bone  ;  and  terminate,  below,  at  the 
sides  of  the  inferior  extremity. 

CHARACTERS  DISTIXGUISHIXG  THE  PHALANGES  OE 
EACH  ROW. 

306.  FIR.ST  ROW.  The  phalanges  of  this  row  are  the 
longest  and  largest  of  the  series.  Their  upper  extremity 
is  hollowed  above  by  a  shallow  articular  concavity,  which, 
receives  the  head  of  the  corresponding  metacarpal  bone. 
'ITiis  depression,  being  of  an  oval  form,  with  its  long 
diameter  from  side  to  .side,  is  insufficient  of  itself  to  cover 
the  head  of  the  metacarpal  bone,  which  is  more  exten- 
sive in  the  antero-posterior  than  in  the  transverse 
diameter.    But,  in  the  recent  subject,  a  glenoid  Ligament, 


*  Lateral  ligaments. 
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of  dense  fibrous  texture,  is  attached  to  the  anterior  bor- 
der ol'  this  extremity,  and  prolongs  the  cavity  upward 
and  forward,  su]3].ilying  that  portion  of  the  socket  in 
which  the  phalanx  itself  is  deficient.  A  tendon  is  at- 
tached to  each  lateral  surface,  and  another  (occasionally) 
to  the  posterior  aspect,  of  this  extremity*  The  lower  ex- 
tremity is  terminated  by  a  smooth,  trochlear  surface, 
which  presents  two  lateral  convexities,  separated  by  a 
wide,  shallow  groove.  This  surface  is  prolonged  further 
upward,  its  width  is  greater,  and  its  convexities  are  more 
prominent,  before  than  behind.  The  sides  of  the  lower 
extremity  present  roughened  depressions  for  the  attach- 
ment of  ligaments.f  The  shaft,  in  this,  and  in  the  fol- 
lowing row,  has  the  appearance  of  a  cylinder,  of  which 
the  anterior  half  has  been  removed  by  a  longitudinal 
section,  and  the  remaining  portion  curved  a  little  on  it- 
self, and  slightly  grooved  from  above  downward  in  front. 
The  surfaces  and  borders  are  accurately  represented  by 
the  foregoing  general  description.  The  borders  give  at- 
tachment to  the  fibrous  sheaths  in  which  the  fiexor  ten- 
dons run. 

307.  Second  now.  The  phalanges  of  this  row  are  in- 
termediate in  size,  as  in  position,  between  those  of  the 
first  and  third.  They  are  distinguished  from  the  former 
by  the  articular  surface  of  the  upper  extremity,  which 
presents  two  lateral  depressions,  se])arated  by  a  smooth 
ridge,  and  corresponding  to  the  little  condyles  of  the 
phalanx  above.  In  other  respects  their  configui-atiou 
exactly  resembles  that  of  the  j^receding  row.  They  give 
attachment  each  to  two  tendons. J 

308.  Third  now.  These  little  bones,  which  sustain  the 
nails  behind,  and  the  sensitive  pulp  of  the  fingers  in  front, 
are  immediately  recognised  by  their  small  size,  the 
rapidly  tapering  form  of  the  shaft,  and  the  peculiar 
character  of  the  non-articular  lower  extremity,  which 
presents,  anteriorly,  a  convex  roughened  suri'ace,  of  a 


*  Tho  lateral  surfaces  give  insertion  to  the  iuterossei;  tln^  pos- 
terior sm-raco  attacljes,  in  tlie  thumb,  the  extensor  prirai  iuteruotlii 
pollicis,  and  occasionally,  in  tho  remaining  fiugere,  little  slips  given 
off  by  the  tendons  of  the  extensor  communis  digitorum. 

t  Lateral  ligaments. 

J  By  their  rough  lateral  borders  to  a  bifurcated  tendon  of  tho 
flexor  digitonnn  sublirais  pcrforntus  ;  by  tho  posterior  surface  of 
the  nppco- extremity  to  the  middle  of  the  tliii'e  sh'ps,  into  which 
each  tendon  of  the  extensor  communis  iligitorum  divides. 
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semihmar  or  liorseshoe  figure,  bounded  inferiorly  by  a 
serrated  semicircular  margin,  that  separates  it  from  tbe 
posterior  aspect,  and  constitutes  the  tip,  or  free  termina- 
tion of  the  bone.  The  ends  of  this  semilunar  surface  are 
directed  upward,  and  I  have  sometimes  observed  them 
prolonsjed,  in  the  form  of  little  conical  processes,  about  a 
Hne  long,  with  free  pointed  extremities.  The  upper  ex- 
tremity of  this  phalanx  is  very  large  in  proportion  to  the 
lower ;  its  cii-cumference  is  remarkably  tubercular,  and 
presents  in  front  and  behind  rough  tendinoiis  impres- 
sions.* Its  superior  surface  is  an  exact  repetition  of  the 
corresponding  articular  aspect  in  the  phalanges  of  the 
second  row. 

1IEA^"S  OF  DISTLNGTJISHING  TUE  PAHTICTILAB.  PHALANGES 
OF  EACH  EOW. 

309.  The  phalanges  of  each  row  exactly  resemble  one 
another  in  form,  and  would  be  indistinguishable  but  for 
their  difference  in  size.  Their  dimensions  are  propor- 
tionate to  those  of  the  fingers  to  which  they  belong. 
Thus,  as  the  middle  finger  is  the  longest  of  the  fingers, 
so  its  phalanges  are  respectively  the  longest  bones  of  the 
three  rows.  The  ring  finger,  fore-finger,  little  finger,  and 
thumb,  follow  the  middle  finger,  diminishing  in  length  in 
the  order  of  enumeration.  The  comparative  width  and 
thickness  of  the  fingers  is  represented  by  the  same  order, 
except  that  the  ring  finger  and  fore-finger  change 
places,  and  that  the  thumb  stands  first  instead  of  last — 
its  phalanges  being  at  once  the  shortest  and  the  stoutest 
of  the  series. 

Thus,  then,  the  phalanges  of  each  row  are  only  known 
from  one  another  hj  their  relative  dimensions ;  and  a 
comparison  of  the  whole  row  is  necessary  for  the  identi- 
fication of  either  one. 

310.  In  the  recent  subject,  several  phalanges  are  dis- 
tinguished by  the  possession  of  special  motors.    Such  are 


•  In  the  thuiab,  the  anterior  surface  of  this  phalanx,  gives 
atta/,hmf;rit  to  the  flexor  longus  pollicis  ;  the  posterior,  to  the  cx- 
tftn.ior  .Hectindi  intenjodii  polliciH.  In  tlie  otlier  fingers,  tlie  anterior 
BTirface  gives  insertion  to  a  te?i(lon  of  tlie  flexor  digitoniin  pro- 
fundus perforans  ;  the  po.sterior,  to  a  conjoined  slip  formed  \>y  tlio 
two  lateral  of  the  three  portions  into  which  each  tendon  of  the 
extensor  digitomin  communis  divides. 
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the  phalanges  of  the  thumb,  of  the  index-finger,  and  of 
the  little  finger.* 

311.  Stiiuctuiie.  The  internal  conformation  of  the 
phalanges  resembles  that  of  the  cylindrical  bones  in 
general.  (248)  Development.  Each  phalanx  is  developed 
by  two  points  of  ossification,  one  for  the  body  and  lower 
extremity,  the  other  for  the  npper  extremity.  The  first 
appears  early  in  fcetal  life,  the  second  not  until  several 
years  after  birth.  The  two  separately-developed  portions 
unite  between  the  eighteenth  and  twentieth  year.  Ak- 
TicuLATiOxNs.  The  first  phalanx  of  each  finger  articulates 
with  the  corresponding  metacarpal  bones,  the  second  and 
third  articulate  each  with  its  predecessor. 
_  '612.  Mechanism.  The  mechanism  of  the  fingers  is 
simple.  The  metacarpo-iihalangeal  joints  are  enarthroses, 
capable  of  flexion,  extension,  abduction,  adduction,  cir- 
cumduction, and,  in  a  very  limited  degree,  of  rotation. 
Flexion  may  be  continued  till  the  articulating  bones 
form  a  right  angle  with  each  other  ;  extension  can  be 
carried  only  a  few  degrees  beyond  the  right  line;  abduc- 
tion and  adduction  are  intermediate  in  point  of  freedom 
between  flexion  and  extension ;  the  scope  of  circumduc- 
tion may  be  inferred  from  that  of  its  constituent  motions  ; 
rotation  is  very  obscure  and  limited.  The  inter-phalan- 
geal  joints  are  of  the  class  called  ginglymoid ;  they  en- 
joy hinge-like  motion  in  a  single  plane,  flexion  to  a  right 
angle,  extension  to  a  right  line.  Their  motion  is  steadied, 
and  their  liability  to  dislocation  diminished,  by  the  recep- 
tion of  a  central  ridge  on  the  lower  surface  into  a  cor- 
responding groove  of  the  uj^per  ;  and  of  two  lateral  con- 
vexities of  the  upper,  into  depressions  of  similar  form  and 
dimensions,  hollowed  on  the  lower. 


•  The  extensor  prinii  and  secundi  intemodii  poUicis,  and  the 
flexor  longus  poUicis,  are  attached  to  the  phalaugus  of  the  thumb, 
at  points  already  indicated;  and  besides  these,  the  flexor  b\nis, 
abductor,  and  adductor  pollicis,  are  inserted  into  the  upper  extre- 
mity of  its  fii'st  phalanx.  The  index  and  little  finger  possess, 
each  of  them,  a  special  extensor,  which  unites  its  tendon  to  that  of 
the  common  extensor;  and  the  little  finger  is  furnished  also  with  a 
short  flexor,  and  a  sliort  adductor,  attached  to  the  superior  extre- 
mity of  its  first  phalanx. 
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313.  Tlie  fuuctions  of  the  hand,  though  for  the  most 
part  matters  of  common  experience,  assume  a  new  in- 
terest when  considered  in  connexion  with  its  anatomical 
structure.  Their  number  and  variety,  contrasted  with 
the  simplicity  of  the  mechanism  by  which  they  are  per- 
formed, illustrate  the  characteristic  tendency  of  Nature 
to  produce,  by  the  simplest  possible  means,  the  most 
numerous  and  diversified  possible  results.  Guided  by 
this  general  truth,  and  bearing  in  mind  the  foregoing 
anatomical  descriptions,  let  us  review  some  of  the  ordi- 
nary actions  of  the  hand.  Compare,  for  instance,  the 
Hght  and  gently-varying  compression  with  which  it  con- 
fines a  fluttering  bird,  to  the  firm  and  unrelaxing  hold 
with  which  it  grasps  a  warlike  weapon,  or  wields  some 
heavy  tool.  Consider  the  swiftness  of  its  movements  in 
following  a  speaker  with  the  pen ;  their  variety  in  loosen- 
ing a  tangled  knot ;  their  nicety  and  precision  in  passing 
a  thread  through  the  eye  of  a  needle.  How  steadily  it 
guides  the  edge  of  the  scalpel  in  a  critical  operation  of 
surgery;  with  what  singular  truth  it  shapes  the  course- 
of  the  schoolboy's  marble,  or  points  his  arrow  to  its 
mark !  Jior  are  these  the  most  wonderful  of  its  per- 
formances. Trained  to  the  juggler's  sleight,  its.  joints 
become  yet  nimbler  and  more  pliant.  Its  evolutions,  in 
the  practice  of  several  mechanical  arts,  are  swifter  than  the 
eye  can  follow,  of  unerring  regularity,  independent  of 
the  guidance  of  vision,  and  productive  of  the  most  sur- 
prising results.  In  the  musician,  the  statuary,  the 
pamter,  it  becomes  the  minister  of  more  subtle  volitions, 
and  a  higher  instinct ;  in  them,  accordingly,  it  accjuires 
stdl  greater  freedom  and  fluency  of  motion,  a  yet  more 
exqui.site  refinement  and  fidelity  of  touch.  In  the  orator 
it  HHHumcH  a  new  character,  and  functions  of  an  entirely 
different  order.  For  him,  it  is  a  powerful  organ  of  ex- 
pre.H.sion,  an  indispensable  auxiliary  to  speech.  Accom- 
panying, with  significant  gestures,  the  thoughts  and 
ernotion.s  of  the  mind,  it  becomes  the  visible  exponent  of 
it.s  .secret  workings— the  tonyue,  so  to  speak,  of  a  lan- 
guage common  to  all  mankind.  Bring  together  the 
wandering  Arab— the  red  warrior  of  the  American  l  orests 
—the  feathered  barbarian  of  Africa— the  civilized  Euro- 
pean. Which  of  them  will  mistake  the  meaning  of  a 
hand,  clenched  in  anger,  or  shaken  in  defiance  ;  stretched 
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abroad  in  the  attitude  of  command,  or  raised  to  heaven 
in  solemn  attestation ;  waved  triumphantly  above  the 
head,  or  pointing  the  finger  of  scorn  ;  beckoning,  to  sum- 
mon attendance  ;  barring  the  lips,  to  enjoin  silence ; 
calmly  extended  in  benediction  ;  flung  wildly  forth  in  de- 
spair ;  covering  the  face  in  shame  ;  wrung  in  the  bitter- 
ness of  grief ;  spread,  shuddering  in  horror ;  folded 
tranquilly  in  the  act  of  prayer?  Our  limits  forbid  us  to 
pursue  this  subject,  or  to  multiply  illustrations.  We  will 
select,  for  our  concluding  example,  a  function  of  the 
hand,  which  stands  in  strong  contrast  to  all  that  have 
gone  before,  and  furnishes  a  new  proof  of  the  remark- 
able versatility  of  its  powers.  This  delicate  organ — 
capable,  as  we  have  seen,  of  moving  with  the  speed  and 
precision  of  clockwork — may  be  doubled  to  form  a  weapon 
of  offence,  and  employed,  in  the  manner  of  a  bludgeon, 
to  give  heavy  blows,  or  to  repel  the  strokes  of  an  as- 
sailant. These  violent  concussions  it  sustains  uninjured  ; 
eluding  their  force  by  its  elasticity  ;  and  returning,  with 
unimpaired  activity,  to  the  operations  of  the  lathe  or  the 
loom. 

OF  THE  LOWER  EXTREMITY. 

314.  We  have  already  had  occasion  to  observe,  that  in 
the  lateral  segments  of  the  lower  jaw,  the  prehensUe 
appendages  of  the  thorax,  and  the  pair  of  limbs  attached 
to  the  pelvis,  the  transcendental  anatomists  trace  the 
threefold  repetition  of  a  common  type,  subject  to  such 
modifications  of  size  and  form  as  are  necessary  to  fit 
it,  in  each  instance,  for  the  performance  of  special  func- 
tions. These  analogies  are  overlooked,  or  denied,  by  de- 
scriptive anatomists,  so  far  as  the  jaw  is  concerned  :  but 
the  similarity  between  the  thoracic  and  pelvic  ex- 
tremities, is  so  striking,  that  their  relation  to  a  common 
standard  is  now  universally  recognised.  Thus  the  tliifih, 
leg,  and  foot,  in  the  inferior  extremity,  correspond  to  the 
arm,  fore-arm,  and  hand,  in  the  superior;  while  the 
liamiah,  articulating  with  the  tliiijh,  is  strictly  analo- 
gous to  the  s/iowMer  which  supports  the  arm.  And,  as 
the  regions  of  each  limb  have  their  respective  analogies 
in  the  other,  so  have  also  the  sidjdivisious  of  each  region— 
so  have  the  bones  of  each  subdivision — so  have  even 
the  principal  lines  and  processes  of  each  separate  bone. 
So  far  as  the  admission  of  descriptive  anatomists  extends, 
the  consideration  of  these  analogies  falls  withni  the  plan 
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of  the  present  treatise.  A  comparative  review  of  the 
thoracic  and  peUnc  extremities  will,  accordingly,  be  found 
in  the  concluding  section  of  this  chapter.  Meanwhile  we 
shall  proceed  to  describe,  in  succession,  the  three  regions 
enumerated  above;  viz.,  the  thigh,  the  leg,  and.  the  fuot ; 
referring  the  student  to  the  fourth  chapter  (192 — 206) ; 
for  a  description  of  the  haunch,  and  for  an  account  of  its 
true  relations. 

OF  THE  THIGH. 

31-5.  The  thigh  is  formed  by  a  single  bone,  called  the 
femur. 

OF  THE  FEMUE. 

316.  Transmitting  the  entire  weight  of  the  trunk  from 
the  haunch  to  the  tibia,  this  bone  is  the  largest,  heaviest, 
and  strongest,  not  only  of  the  limb  to  which  it  belongs, 
but  of  the  whole  steletou.  It  presents  a  general  curva- 
ture in  the  longitudinal  direction,  rendering  it  con\  ex  in 
front,  concave  on  the  opposite  aspect.  In  the  natural 
position  it  inclines  from  above  downward  and  inward, 
approaching  its  fellow  at  the  lower  extremity,  but  being 
separated  from  it,  above,  by  the  whole  width  of  the  true 
pelvis.  This  inclination  is  increased  by  the  conformation 
of  the  superior  extremity,  which  presents  an  elongated 
neck,  intervening  obhquely  between  the  head  and  the 
shaft,  so  as  to  throw  the  summit  of  the  latter  still  farther 
outward  from  the  median  line.  The  student  should 
regard  the  bone  in  an  articulated  skeleton,  so  as  to 
acquire  a  general  notion  of  its  form  and  position,  before 
proceeding  to  the  separate  examination  of  its  extremities 
and  shoft. 

317.  .Superior  extremity.  Presents  for  examination  a 
head,  a  neck,  two  trochanters,  the  greater  and  the  smaller  ; 
a  line  connecting  the  trochanters,  called  the  inter-trochan- 
Uric  line ;  an  eminence  which  may  be  denominated  the 
tuhercU  of  the  femur;  and  a  ridge,  which,  from  its 
winding  course,  I  propo.se  to  designate  the  sinral  line 
of  the  femur.  These  objects  have  the  following  relative 
position.  The  hj^:ad  i.s  .supported  on  the  summit  of  the 
nech,  which  .ntand.s  inward  at  an  obtuse  angle  from 
the  shaft,  and  is  bounded  at  its  base,  above  by  the  tro- 
cho.nter  ynji.yrr,  below  by  the  trocha/idcr  minor,  behind  by 
the  intf'r-trochoidtiric  line,  in  front  by  the  tiiherclc  of  llio 
femur,  and  by  the  upj^er  j^art  of  the  spiral  line.  Head. 
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A  smooth  ball,  of  very  regular  form,  somewliat  more  ttan 
hemispherical,  directed  upward,  inward,  and  a  little  for- 
ward, for  articulation  with  the  aceta.bulum.  It  is  sepa- 
rated from  the  neck  by  a  sinuous  line.  Its  surface  is 
everywhere  covered  with  cartilage,  except  at  a  point  just 
behind  and  below  its  centre,  where  it  presents  a  rough 
depression  for  the  attachment  of  a  ligament.*  yECK.  A 
strong,  pyramidal  process,  directed  upward,  inward,  and 
a  little  forward,  from  the  body,  so  as  to  form  with  it  an 
obtuse  angle  of  about  125°.  It  is  flattened  fi-om  before 
backward,  so  that  its  greatest  strength  is  in  the  vertical 
direction  ;  joined  to  the  shaft  by  its  base,  to  the  head  by 
its  summit ;  and  contracted  a  little  in  the  middle  of  its 
length.  Its  superior  liorder  is  wide  and  short,  perforated 
with  large  and  numerous  vascular  foramina,  and  limited 
externally  by  the  trochanter  major.  Its  ivferior  harder 
is  longer  and  narrower  than  the  superior,  and  curves  a 
little  backward  below,  to  terminate  at  the  trochanter 
minor.  Its  anterior  and  posterior  surfaces  present  no 
remarkable  features  for  notice.  The  posterior  is  the 
longer,  smoother,  and  more  concave  of  the  two;  it  is 
bounded  beluw  by  the  inter-trochanteric  hue.  The  anterior 
is  less  even,  perforated  with  a  large  number  of  nutrient 
foramina,  a,nd  bounded  below  by  the  tuhercle,  and  the 
ohlique  line  of  the  femur.  The  whole  of  the  neck  is  en- 
closed within  the  capsular  ligament  of  the  joint,  which  is 
attached  around  its  base.  Tiiochaktek  major.  A  large 
quadrilateral  eminence,  occupying  the  truncated  angle 
formed  by  the  junction  of  the  upper  border  of  the  neck 
with  the  outer  side  of  the  shaft.  It  rises  above  the  level 
of  the  neck,  in  a  continuous  hue  with  the  body,  of  which 
it  appears  a  vertical  prolongation.  It  is  flattened  from 
side  to  side,  so  as  to  present  an  internal  and  an  external 
surface,  separated  by  four  borders.  But  the  trochanter 
major  is  joined  to  the  rest  of  the  bone  at  its  anterior  and 
inferior  part,  and  only  iDrqjects  as  a  free  eminence  above 
and  behind.  Hence,  while  superior  and  posterior  borders 
are  true  borders,  forming  by  their  union  a  prominent 
angle,  the  anterior  and  inferior  borders  are  mere  lines, 
separating  the  outer  aspect  of  the  trochanter  from  the 
adjacent  surface  of  the  shaft.  This  trochanter  should  be 
studied  minutely,  because  it  gives  attachment  to  several 
large  and  important  muscles.  Surfaces.  External.  Con- 
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vex,  quadrilateral,  and  divided  into  two  triangular  por- 
tions, by  a  rough  line,  which  runs  diagonally  fi-om  its 
posterior-superior,  to  its  anterior-inferior  corner.  The 
diatfoiud  liite  gives  attachment  to  a  flat  tendon.*  The 
triauijular  surface  above  the  line  is  covered  by  this 
tendo^n,  wluch  glides  upon  it  by  the  intervention  of  a 
synovial  bursa.  The  surface  below  the  line  is  smooth, 
aid  covered  with  a  synovial  sac,  to  permit  the  free  gliding 
of  another  tendon.f  Internal.  The  anterior-inferior  part 
of  this  surface  is  continuous  with  the  rest  of  the  bone  ; 
the  posterior-superior  portion  is  fi-ee,  and  hollowed  by  a 
rouifh  depression,  called  the  digital,  or  trochanteric  fossa, 
which  gives  attachment  to  four  muscles. |  Border.s. 
Snperior.  A  thick,  free  edge,  nearly  horizontal,  and 
marked  with  the  impressions  of  two  tendous.§  Inferior. 
A  rough  line,  which  runs  parallel  to  the  superior  border, 
separating  the  outer  sui-face  of  the  trochanter  from  the 
corresponding  aspect  of  the  shaft,  and  attaching  the 
upper  fibres  of  a  large  muscle. ||  Posterior.  A  vertical 
border,  presenting  a  free,  rounded  edge,  which  forms  the 
posterior  lip  of  the  digitid  fossa.  Anterior^  An  irregular 
line,  running  parallel  to  the  posterior  border  and  usually 
more  prominent  above  and  below.  Axgle.s.  Of  the  four 
angles  formed  by  the  junction  of  these  boTclers,  only  one, 
the  superior-po-iterior,  requires  particular  description.  It 
is  a  free,  prolonged  angle,  cui-ved  a  little  inward,  so  as  to 
overhang  the  digital  fossa,  and  giving  attachment  to  part 
of  a  tendon.^  Trocuantek  Miyaii.  An  epiphysis  of 
pyramidal  form,  situated  at  the  inner  and  posterior  part 
I  of  the  bone,  ju.st  where  the  lower  border  of  the  neck  joins 
the  .shaft.  It  is  directed  inward,  backward,  and  a  Httle 
downward  ;  its  summit  is  rough,  and  gives  insertion  to  a 
tendon.**  It  has  three  borders,  a  .superior,  joining  the 
lower  border  of  the  neck  ;  a, posterior,  continuous  with  the 
inter-trochanteric  line  ;  an  inferior,  in  which  the  inner 
branch  of  the  linea  aspera  (32u)  terminates.   Its  surfaces 


*  Glntaens  medin.s.  (Somotimes,  when  this  muscle  is  woll  de- 
v£;lop<;'L  thf;  fibres  of  it.s  tendon  arc  attached,  not  only  to  the 
diag'pnal  line,  hut  to  the  surface  above  it.) 

•f  Glntaen.s  m-iximu.H. 

t  Which,   enurri'  rated  from   above   downward,   are  Komellus 
Bnperior,  obturator  intemu.s,  gemellus  inferior,  obturator  oxtenius. 
4  J'yriforrniH  behind,  gluteus  minimus  in  front. 
II  Vasto.^  extemus.  ^  I'yriformiB. 

*•  United  tendon  of  psoa.s  magniis,  and  iliaciis  intcruus. 
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present  no  remarkable  features  ;  the  posterior  is  smooth, 
and  covered,  in  the  recent  subject,  with  a  bursa,  to  permit 
the  free  gliding  of  a  muscle.*  Tuberclh  of  tiik  femuji. 
A  well-marked  apophysis,  often  of  considerable  size  and 
prominence,  situated  on  the  anterior  aspect  of  the  bone, 
at  the  base  of  the  neck,  internal  to  the  trochanter  major. 
It  is  the  meeting-point  of  three  miiscular  insertions.t 
Between  this  tubercle  and  the  anterior  border  of  the 
great  trochanter,  there  is  a  triangular  concave  surface, 
covered,  in  the  recent  subject,  with  a  bursa,  to  permit  the 
gliding  of  a  tendon. J  The  surface  is  sometimes  described 
as  the  anterior  aspect  of  the  trochanter  major.  It  is 
separated  from  the  shaft  by  a  line,  which  runs  downward 
and  outward  from  the  tubercle,  and  joins  the  lower  border 
of  the  trochanter  major  forming  with  it  the  superior 
limit  of  the  attachment  of  a  large  muscle.  Intek-tro- 
CHANTERic  LINE.  A  distinct  ridge,  passing  from  the 
posterior-infei'ior  angle  of  the  trochanter  major,  down- 
ward and  inward  to  the  trochanter  minor.  It  runs  along 
the  base  of  the  neck,  forming  the  inferior  boundai-y  of  its 
posterior  surface,  and  giving  attachment  to  part  of  a 
ligament. §  Spiral  line.  Commences  at  the  tubercle  of 
the  femur,  runs  from  thence  obliquely  downward  and  in- 
ward along  the  base  of  the  neck,  j^asses  beneath  the  tro- 
chanter minor,  winds  sj^irally  across  the  internal  surface 
to  the  posterior  aspect  of  the  bone,  and  there  terminates, 
by  falling  upon  the  Imea  aspera.  (320)  Above  the  level 
of  the  trochanter  minor  it  is  rough,  separates  the  anterior 
surface  of  the  neck  from  the  corresponding  aspect  of  the 
shaft,  attaches  part  of  a  ligament,^  and  forms  the  upper 
boundary  of  the  origin  of  a  large  muscle. ||  Below  the 
level  of  the  trochanter  minor  it  is  less  prominent,  and 
gives  attachment  to  the  ujsper  fibres  of  another  muscle.Tf 
318.  Inferior  EXTREMiiY.  This  extremity  is  of  a  cuboid 


•  Quadratus  femoris. 

t  Vastus  externiis,  and  cnireiis,  below  ;  glutteus  miuiimis,  above. 

t  Glutseus  medius.  (Bourgcry  makes  this  surface  tlie  place  of 
iusertiou  of  the  glutaeus  miuimus,  which  Cruveilhier  describes  as 
attiiclied  to  the  upper  border  of  the  troclmutor  major,  aud  to  the 
line  extending  from  that  border  to  the  tubercle.  I  have  seen  two 
instances  in  which  the  insertion  of  this  muscle  agreed  with  Bour- 
gery's  description ;  but  its  attachment  generally  coiucides  with 
the  account  given  by  Cruveilhier.) 

}  Capsular.  II  Crureus.  If  Vastus  iuteruus. 
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form,  and  has  a  terminal  articulating  surface  of  remark- 
able exteut.  It  is  larger  than  the  superior  extremity  ; 
more  extensive  in  the  lateral  than  in  the  antero-posterior 
diameter;  wider  behind  than  before.  It  presents  two 
lateral  condyloid  eminences,  of  an  oblong  fortn,  flattened 
from  side  to  side,  projecting  considerably  behind,  where 
they  are  separated  by  a  deep  notch,  slightly  prominent  also 
in  front,  where  they  are  continuous  with  each  other  and 
with  the  shaft  of  the  bone.  These  two  processes  are 
called  the  condtjJes  of  the  femur;  and  the  interval  between 
them  is  the  inter-conchjloid  notch.  The  external  condyle 
projects  further  forward  than  the  internal.  It  is  also 
somewhat  more  extensive,  both  in  the  antero-posterior 
and  in  the  transverse  diameter.  'Yheinternal  condyle,  on 
the  other  hand,  is  more  prominent  laterally,  and  descends 
lower  than  its  fellow  ;  so  that  when  the  bone  stands  on 
a  level  surface,  its  upper  extremity  is  thrown  outward 
from  the  vertical  hue.  The  condyles  are  not  parallel  to 
each  other.  The  long  axis  of  the  external  condyle  runs 
dire:tly  backward,  that  of  the  internal  condyle  runs 
obliquely  backward  and  inward.  Notwithstanding  these 
differences,  the  condyles  present  a  strong  general  resem- 
blance to  each  other,  and  are  susceiDtible,  to  a  great 
extent,  of  a  common  description.  Thus,  the  inferior 
surface  of  each  condyle  is  convex,  and  rests,  during 
extension  of  the  leg,  in  a  shallow  cavity  formed  partly  by 
the  tibia,  partly  by  one  of  the  fibro-cartilages  of  the  knee- 
joint.  Thft  posterior  extrernify  of  each  condyle  presents  a 
smooth  convexity,  continuous  with  the  inferior  surface, 
and  received,  during  flexion  of  the  leg,  into  the  same 
cavity,  which  supports  that  surface  during  extension. 
The  (jrderioT  extncndty  of  each  condyle  is  smooth  and 
articular.  The  two  anterior  extremities  form,  by  their 
nmon,  a  trochlear  surface,  on  which  the  patella,  or  knee- 
pan,  glides.  This  trochlear  surface  presents  a  median 
vertical  groove,  and  two  lateral  convexities.  The  groove 
ertend.s  downward  and  backward,  as  far  as  the  inter- 
oondyloid  notch.  Of  the  convexities,  the  external  is  more 
prominent,  wider,  and  prolonged  further  upward  than 
the  ifdernol.  Of  the  lateral  surfaces  of  the  con- 
dyles, two  are  opposed  to  each  other,  and  form  the 
[•  lateral  boundaries  of  the  inter-condyloid  notch.  These 
are  the  inner  surface  of  the  external  condyle,  and  the 
(yfj.ter  .surface  of  the  internal  condyle.  They  are  small 
surfaces,  equal  in  extent,  each  concave  and  rough  for 
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the  attacliment  of  a  ligament*  The  two  remaiaing 
lateral  surfaces  are  mucli  more  extensive,  and  present 
each  a  considerable  eminence  for  muscular  and  liga- 
mentous insertion.  These  eminences  are  called  the  tube- 
rosUias  of  the  femur.  The  internal  tuberosity  is  situated 
on  the  inner  surface  of  the  internal  condyle.  It  is  a 
large  convexity,  rough  for  the  attachment  of  a  ligament,t 
and  surmounted  by  a  small,  but  very  distinct  tubercle, 
which  indicates  the  inferior  limit  of  the  insertion  of  a 
large  muscle. J  Immediately  behind  this  tubercle,  upon 
the  uiDper  aspect  of  the  inner  condyle,  there  is  a  rough 
depression,  which  gives  origin  to  atendon.§  The  external 
tuberosity  projects  from  the  outer  surface  of  the  external 
condyle.  It  is  smaller  and  more  angular  than  the  in- 
ternal ;  it  presents,  just  behind  its  most  prominent  point, 
a  distinct  rough  depression,  for  the  attachment  of  a 
tendon. II  This  tuberosity  also  attaches  a  hgament.^ 
Below  it  there  is  a  groove  which  commences  at  a  jjoint 
vertically  under  the  centre  of  the  tuberosity,  and  from 
thence  runs  obliquely  backward  and  upward,  to  the  pos- 
terior extremity  of  the  condyle.  At  the  anterior  extre- 
mity of  this  groove  there  is  a  rough  imjDression  which 
gives  origin  to  a  tendon.**  The  groove  itself  is  smooth, 
covered  with  cartilage  in  the  recent  state,  and  designed 
for  the  reception  of  the  tendon  just  mentioned,  during  ex- 
treme flexion  of  the  leg.  The  inferior  lip  of  this  groove  is 
also  smooth,  and  covered  with  cartilage,  to  permit  the 
free  gliding  of  the  same  tendon.  Such  are  the  objects 
presented  by  the  condyles.  The  inter-condijloid  notch  is  a 
space  bounded,  laterally,  by  surfaces  of  the  condjdes  al- 
ready described,  and  in  front,  by  the  lower  extremity  of 
the  shaft.  It  is  open  above,  below,  and  behind,  and  it 
lodges  a  pair  of  ligaments  that  are  attached  to  its  sides.ft 
The  lower  extremity  of  the  femur  is  perforated  with 
many  nutrient  foramina.     These  are  especially  large 


*  The  inner  surface  of  the  external  condyle  gives  attachment, 
by  its  posterior  part,  to  the  anterior  crucial  ligament ;  the  outer 
surface  of  the  iuterual  condyle  gives  attachment,  by  its  anterior 
part,  to  the  posterior  crucial  ligament. 

t  luloroal  lateral  ligament  of  knee-joint, 
t  Adductor  magnus.  §  Internal  head  of  gastrocnemius. 

II  External  head  of  gastrocnemius. 
^  External  lateral  ligament  of  knee-joint. 
That  of  the  poplileus.  tt  Crucial  (see  note  *,  above). 
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and  numerous  at  tlie  bottom  of  the  inter-condyloid 
notch. 

ol9.  Shaft.  The  shaft  of  the  femur  is  the  most  perfect 
realization  of  the  cylindrical  type  that  the  human  skeleton 
presents.  It  is,  indeed,  somewhat  expanded  and  flattened 
at  its  extremities,  and  strengthened  behind  by  a  jDromi- 
nent  longitudinal  ridge ;  but,  excepting  these  modifica- 
tions, it  is  a  cylinder  of  almost  perfect  regularity,  pre- 
senting a  smooth  rounded  surface,  uninterrupted  by 
ridges  or  impressions  of  any  kind.  The  whole  of  this 
smooth  surface  is  covered  by  the  large  muscular  masses 
which  serve  to  extend  the  leg ;  and  the  description  of  the 
shaft  mainly  consists  in  an  account  of  its  relations  to 
these  muscles.  In  pointing  out  these  relations,  however, 
it  is  necessary  to  speak  of  the  an  terior,  internal,  and  ex- 
ternal aspects  of  the  shaft;  and  for  the  precise  ajDplica- 
tion  of  these  terms,  two  lateral  lines  are  required,  in  addi- 
tion to  the  posterior  ridge.  For  this  reason,  anatomists 
select  two  distinct  lateral  eminences  of  the  upper,  and 
two  of  the  lower  extremity ;  and,  between  these  points, 
trace  two  imaginary  hues  along  the  sides  of  the  shaft. 
"When  the  terminal  points  are  well  marked,  this  artifi- 
cial iub'iivision  is  suiiiciently  definite  for  practical  pur- 
poses ;  and  it  is  in  this  seme  only  that  the  student  can 
vnth  projirietr/  he  directed  to  look  for  lateral  lines,  and 
separate  surfaces,  on  the  body  of  this  bone.  We  have 
already  had  occasion  to  notice  the  inclined  position  of  the 
shaft  of  the  femur,  as  also  its  longitudinal  ciirvature  (316). 
"We  may  here  add  that  its  lower  extremity  is  flattened 
more  than  the  upper,  and  in  a  different  plane.  The 
tipper  extremity  is  flattened  from  before  backward  and 
inward  ;  the  lower,  from  before  directly  backward.  Hence 
that  appearance  of  the  shaft  to  which  authors  allude, 
when  they  speak  of  it  as  tviisted  on  its  long  axis. 

32';.  LiSKS.  Posterior,  or  Linea  aspera.  This  line  ap- 
pears, in  the  middle  third  of  the  shaft,  as  a  longitudinal 
rib,  or  crest,  having  two  elevated  separated  by  a 

rough,  depressed  interval.  Above,  and  below,  its  lips 
diverge  from  each  other,  forming  the  superior  and  in- 
feri.'rr  hifurrjitionH  of  the  linea,  aspera.  Of  the  superior 
bifiircfition,  the  mder  branch  is  the  rougher,  and  ascends 
almost  vertically  to  the  base  of  the  trochanter  major; 
the  inner  branch,  shorter  and  loss  distinctly  marked, 
f)aH-es  to  the  lower  border  of  the  trochanter  minor.  These 
branches  arc  separated  by  a  triangular  smooth  space, 
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covered,  in  tlie  recent  subject,  by  two  muscles  *  In  the 
middle  of  this  space  there  is  an  indistinct  vertical  line, 
called  the  linea  quadrata,  which  commences  at  the  pos- 
terior inferior  angle  of  the  trochanter  major,  runs  down- 
ward for  about  two  inches,  and  gives  insertion  to  a 
muscle. t  Of  the  inferior  bifurcation,  the  outer  branch  is 
the  more  prominent,  and  runs  to  the  summit  of  the  ex- 
ternal tuberosity  ;  the  inner  branch  is  interrupted,  in  the 
middle  of  its  course,  by  a  smooth  sfiace  for  the  passage  of 
an  artery  ;J  it  terminates  at  the  little  tubercle,  by  which 
the  internal  tuberosity  is  surmounted.  (318)  The  branches 
of  the  inferior  bifurcation  are  somewhat  longer,  and  more 
widely  separated,  than  those  of  the  superior.  The  trian- 
gular surface  which  they  include,  is  called  the  popliteal 
space  of  the  femur.  In  the  recent  subject,  it  is  traversed 
by  a  large  nerve  and  vessels, §  and  corresponds  to  the 
region  of  the  thigh,  called  the  ham.  It  jjresents,  laterally, 
two  rough  oblong  impiressions,  situated  just  above  the 
condyles,  close  to  the  boundary-lines,  and  serving  for  the 
attachment  of  aponeurotic  fibres.  ||  The  linea  aspera 
gives  attachment,  in  its  whole  length,  to  numerous 
muscles.^  It  is  perforated  opposite  the  middle  of  the 
shaft  by  the  medullary  foramen,  which  enters  the  bone 
obliquely  upward.  External.  This  line  is  traced  from 
the  anterior  inferior  corner  of  the  trochanter  major,  to 
the  prominent  anterior  extremity  of  the  external  condyle. 
It  sej)arates  the  anterior  from  the  external  surface,  and 
gives  attachment  to  mu.scular  fibres.**  Internal.  This 


*  Quadratus  femoris,  and  a  few  fibres  of  adductor  magnus. 
t  Quadratus  femoris. 

J  The  femoral,  which  at  this  point  takes  the  name  of  the  pop- 
liteal. 5  Popliteal. 

II  Belonging  to  the  two  heads  of  the  gastrocnemius. 

H  The  vastus  interuus  is  attached  to  the  inner  lip,  and  the  vastus 
externus  to  the  outer  lip,  in  their  whole  length.  Tlie  adductor 
magnus  is  also  attached  to  the  whole  length  of  the  linea  aspeni, 
takiug  hold  of  its  outer  brancli  above,  its  inner  bniucli  below. 
Between  the  adductor  magnus  aud  tlie  vastus  eMt'nnis,  two  muscles 
are  attached  ;  viz.,  the  glutajus  maximus  to  the  outer  branch  of  the 
superior  bifurcation,  the  short  head  of  the  biceps  to  the  iuterval 
between  the  lips,  lower  down.  Between  the  adductor  magnus,  aud 
the  vastus  interntui,  three  muscles  are  attached  ;  viz.,  the  pectineus 
to  the  inner  brancli  of  the  upper  bifurcation,  the  adductor  bi'evis, 
and  the  adductor  longus,  to  the  interval  between  the  lips,  lower 
down,  **  Of  the  crm'eus. 
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line  commences  at  the  spiral  Hue,  opposite  the  level  of 
the  trochanter  minor,  and  terminates,  below,  at  the  an- 
terior extremity  of  the  internal  condyle.  Its  upper  ex- 
tremity appears,  in  well-marked  specimens,  as  a  vertical 
ridge  which  descends  two  or  three  inches,  and  then  dis- 
appears. Elsewhere,  the  internal  line,  like  the  external, 
is  a  mere  conventional  boundary,  not  i-eally  distint^uish- 
able  from  the  anterior  and  internal  surfaces,  which  it 
is  said  to  separate.  It  gives  attachment  to  muscular 
fibres.* 

321.  Surfaces.  Anterior.  This  surface  lies  between 
the  lateral  lines  just  described.  It  looks  forward  and  a 
httle  outward  above,  directly  forward  below,  is  narrow 
and  convex  in  the  middle,  expanded  and  somewhat  flat-» 
tened  at  its  extremities.  It  is  covered  by  a  musclc.f  which# 
takes  origin  from  its  upper  three-fourths,  and  glides,  by 
the  intervention  of  a  synovial  bursa,  upon  its  lower 
fourth.  External.  Bounded,  in  front,  by  the  external 
lateral  Une,  behind  by  the  outer  lip  of  the  linea  aspera. 
It  is  continuous,  above,  with  the  outer  surface  of  the 
trochanter  major,  below,  with  the  corresponding  aspect 
of  the  external  condyle.  It  is  covered  in  its  whole  length 
by  a  muscle,t  to  the  fibres  of  which  it  gives  origin  by  its 
uppier  three-fourths.  Internal.  Lies  between  the  inner 
lip  of  the  linea  aspera,  and  the  internal  lateral  line.  It 
is  continuous,  above,  with  the  lower  border  of  the  neck, 
below,  with  the  inner  surface  of  the  internal  condyle.  It 
is  smooth,  and  covered  by  a  large  musfle,  to  the  fibres  of 
which,  however,  it  does  not  give  origin. J 

322.  Structure.  As  in  form,  so  in  structure,  the 
femur  is  the  most  perfect  specimen  of  its  class  that  the 
human  skeleton  furnishes.  The  internal  conformation  of 
the  cylindrical  bones  has  already  been  described.  (248) 
It  i-^  usually  added,  with  regard  to  the  femur,  that  the 
elevated  ridge  of  the  linea  aspera  is  formed  of  a  peculiarly 
dense,  ivory-like  tissue.  But  upon  examining,  with  a 
microscope,  transverse  sections  of  the  femur,  I  have  not 
been  able  to  perceive  any  such  difference  in  the  quality  of 
the  V>one ;  the  whole  surface,  as  far  as  I  can  judge,  is 
equally  compact. 

The  arrangement  of  the  cancellous  tissue  in  the  ends  of 


*  Of  the  crurens.  f  Crurens.  t  Vastus  intemus. 
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the  femur,  is  very  remarkable ;  and,  as  it  illustrates  the 
general  mechanical  principles  which  determine  the 
structure  of  this  tissue  throughout  the  skeleton,  it  should 
engage  our  particular  attention.  In  the  lower  extremity 
of  the  bone,  it  consists  of  numerous  slender  columns, 
which  spring  on  all  sides  from  the  interior  surface  of  the 
compact  cylinder,  and  descend,  converging  towards  each 
other,  so  as  to  form  a  series  of  inverted  arches,  adapted, 
by  their  pointed  form,  to  sustain  concussion  or  pressure 
transmitted  from  below.  These  converging  columns  not 
only  meet,  but  decussate  each  other  ;  and  they  are  further 
strengthened  by  innumerable  connecting  filaments  and 
lamiucB,  which  cross  them  in  all  directions,  so  that  no 
single  arch  could  break  without  those  in  its  neighbour- 
hood also  giving  way.  Hence,  notwithstanding  the  tenuity 
and  brittleness  of  each  several  fibre,  the  reticular  structure 
possesses  great  strength  as  a  whole.  I  have  endeavoured 
by  the  following  experiment  to  obtain  some  notion  of  its 
resisting  force.  A  cubical  inch  of  cancellous  tissue  was 
cut  from  the  centre  of  the  external  condyle  of  an  adult 
macerated  femur,  and  subjected  to  gradually  increasing 
pressure,  with  the  following  results.  It  suistained  four 
hundredweight  without  sensible  alteration  :  sank  a  little 
on  one  side  upon  the  addition  of  the  next  half  hundred- 
weight ;  and  continued  to  yield  upon  every  further  in- 
crease of  pressure  ;  so  that,  when  the  weight  amounted  to 
six  hundredweight,  its  height  was  reduced  to  half-au-inch. 
This  reduction,  however,  took  place  entii-ely  at  the 
expense  of  the  upper  portion  of  the  cube ;  its  lower 
moiety,  which  presented  a  much  closer  texture,  bore  the 
whole  jDressure  of  six  hundi'edweight,  without  visible 
alteration.  The  weight  of  the  cube  submitted  to  this  trial 
was  fifty-four  grains  troy.  It  was  placed  during  the 
experiment  in  the  natural  position,  with  its  priucijjal 
fibres  upright.  The  side  on  which  the  cube  first  gave 
way,  corresponded  to  the  outer  and  posterior  part  of  the 
condyle  ;  and  its  structure  was  here  evidently  looser  and 
more  fragile  than  on  the  side  which,  in  the  natural 
position,  had  lain  nearest  to  the  axis  of  the  bone.  In 
Mr.  Rennie's  experiments  on  the  strength  of  woods,  a 
cubic  inch  of  solid  elm  was  crushed  by  1284  lbs.  avoir- 
dupois— about  two  and  a  half  times  the  weight  be- 
neath which  the  cube  of  reticular  tissue  began  to 
yield.    This  comparison  may  assist  the  reader  iu  form- 
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ing  a  just  estimate  of  the  strength  of  the  reticular 
tissue. 

The  cancellous  tissue  in  the  upper  extremity  of  the 
shaft  presents  a  similar  arrangement — the  convexities  of 
the  arches  being  here,  however,  directed  upward. 

The  sieneral  structure  of  the  neck  is  shown  at  Fig.  1  in 
the  subjoined  diagram.  It  resembles  in  its  mechanical 
principles  a  bracket  of  the  kind  represented  in  Fig.  2,  in 
which  (!  is  the  principal  support,  and  h  a  cross  piece  tying 
a  to  the  wall  or  column  which  sustains  the  whole.  It  is 
evident  that  the  piece  a  contributes  by  its  rlgicUfy,  and 
the  piece  b  by  its  tenacity,  to  the  support  of  the  weight ; 


in  other  words,  that  the  weight  tends  to  hend  the  former, 
and  to  stretch  the  latter.  Eef erring  to  Fig.  1  (in  which 
the  direction  of  the  principal  fibres  is  shown  with  fictitious 
di.stinctness — the  cross  filaments,  &c.,  being  purposely 
omitted)  we  find  the  pieces  a  and  h  of  the  bracket  respec- 
tively represented  by  the  sets  of  bony  fibres  marked  a  a 
and  h  h. 

The  fibres  a  a  arc  inclined  columns  supporting  the 
epiphysis  of  the  head  c  c,  and  resting  below  upon  the  thick 
under  wall  d  of  the  neck.  These  fibres  (a  a)  are  shown,  in 
the  diagram,  as  if  they  were  perfectly  straight,  Init  they 
are  not  exactly  so  formed.  They  are  slightly  curved 
towards  the  trochanter  major  above ;  and,  below,  they 
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are  also  curved  towards  the  trochanter,  so  as  to  fall  in 
with  the  curved  wall  of  the  neck  helow,  from  which 
they  bi-anch  off.  This  construction  gives  considerable 
elasticity  to  the  neck,  and  tends  to  obviate  fracture; 
whether  in  jumping  down  from  a  height,  or  in  any 
other  case  tending  to  throw  suddenly  the  inertial  mo- 
mentum of  the  trunk  upon  this  part  of  the  femur.  The 
transverse  fibres  b  h  decussate  the  columns  a  a,  and  tie 
them  to  the  thin  upper  wall  e  of  the  neck,  and  to  the  arch- 
work  //  of  the  upper  extremity.  The  interval  cj  (which 
obviously  corresponds  to  the  interval  g  between  the  parts 
a  and  h  of  the  bracket.  Fig.  2)  is  filled  with  a  loose  reticular 
tissue,  presenting  no  determinate  nor  uniform  arrange- 
ment, A  tissue  of  similar  character  occupies  the  spaces 
marked  h.  The  trochanter  major  i  contains  a  pretty  close 
tissue,  the  princiiial  fibres  of  which  intersect  one  another, 
and  partake  of  the  arched  construction.  Development.  By 
three  jDrincijjal  ossific  centres,  one  for  the  body,  one  for  each 
extremity ;  and  by  two  secondary  points,  for  the  two  tro- 
chanters. The  ossific  point  of  the  shaft  appears  between 
the  thirtieth  and  fortieth  day  of  foetal  life  ;  that  of  the  lower 
extremity,  within  the  last  fifteen  days  of  the  period  of  ges- 
tation.* This  extremity  of  the  femur  is  remarkable  as 
being  the  only  epiphysis  in  which  ossification  commences 
before  birth.  And  as  it  is  the  first  of  all  the  ejjiphyses  to 
ossify,  so  (in  accordance  with  the  general  law,  that  epi- 
physes imite  with  the  shafts  of  the  bones  in  the  inverse 
order  of  their  ossification)  it  is  the  one  which  remains 
longest  a  sepai-ate  piece.  The  ossific  centre  of  the  upper 
extremity  appears,  a  year  after  birth,in  the  head  (the  neck 
being  a  prolongation  of  the  shaft,  not  a  part  of  the  superior 
epiphysis).  The  greater  trochanter  begins  to  ossify  at 
three  or  four  years  of  age;  the  lesser  trochanter,  at 
thirteen  or  fourteen.  It  is  not  till  twenty  j'ears  of  age 
that  the  junction  of  all  these  pieces  to  the  shaft  is  com- 
plete, and  that  the  femur  attains  perfect  ossific  con- 
tinuity. Articulations.  By  its  head,  with  the  os  in- 
nominatum ;  by  its  inferior  extremitj',  with  the  patella 


*  Hence  the  existence  of  tbis  point  in  a  still-bora  fwtus  enables 
118  to  pronounce  witli  certainty  upon  its  ago  ;  a  point  which,  in 
many  cases  of  medical  jurispnulence,  it  is  of  importance  to  deter- 
mine. 
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in  front,  and  vrith  ihe  tibia,  and  the  menisci*  of  tlie  knee- 
joint,  below. 

o'lo.  Yaeiatioxs  of  form  in  the  femur.  The  femur 
is  one  of  those  bones  the  form  of  which  is  influenced  in 
a  remarkable  degree  by  difference  of  age  and  sex.  Thus 
the  angle  formed  by  the  neck  with  the  body  approaches 
more  nearly  to  a  right  angle  in  the  female  than  in  the 
male,  and  in  the  old  subject  than  in  the  adult.  The  length 
of  the  neck  has  also  been  observed  to  diminish,  with  ad- 
vancing years ;  so  that  the  head  gradually  sinks  below 
the  level  of  the  trochanter  major,  and  approaches  the 
shaft,  to  which,  in  extreme  old  age,  it  becomes  absolutely 
contiguous.  These  changes,  however,  are  not  so  con- 
stant as  Cloquet  and  other  anatomists  would  seem  to 
represent  them  ;  for  in  examining  the  thigh-bones  of  very 
old  subjects  in  the  dissecting-room,  I  have  found  many 
entirely  free  from  the  above-described  peculiarities,  and 
indistinguishable,  in  respect  to  form,  from  the  femur  of 
the  well-formed  adult.  Benjamin  Bell,  indeed,  who  first 
drew  attention  to  the  process  of  inter.stitial  absorption 
upon  which  these  progressive  metamorphoses  depend,  de- 
scribes it  not  as  a  healthy  action  natural  to  the  senile 
period  of  life,  but  rather  as  an  abnormal  process  incident 
to  a  debilitated  or  otherwise  morbid  condition  of  the 
economy  in  particular  individuals. 

MECHANISM  OF  THE  THIGH. 

324.  Our  observations  on  this  subject  will  have 
reference,  1st,  to  the  structure  and  mechanism  of  the 
hip-joint;  and  2ndly,  to  the  inchnation  of  the  neck  of 
the  thigh-bone,  and  the  compensating  obliquity  of  its 
shaft. 

The  articulation  of  the  hip  may  be  regarded  as  the 
type  of  the  enarthrodial,  or  ball-and-socket  joint.  The 
acetabulam,  though  not  quite  hemispherical  in  the  dry 
bone,  presents,  in  the  recent  subject,  a  figure  somewhat 
exceeding  the  moiety  of  a  sphere;  its  cavity  being 
deepened,  and  its  orifice  contracted,  by  a  fibro-cartilaginous 
brim,  called  the  cotyloid  lirjamfnt,  which  embraces  and 
firrnly  retains  the  heaxl  of  the  femur.  The  air  is  entirely  ex- 


•  Called  the  inU-mal  aud  exterual  semilunar  fibro-cartilagOB. 
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eluded  from  between  thepolished  contiguoua  surfaces  of  this 
joint,  so  that  their  separation  from  each  other  is  resisted 
by  an  atmospherical  pressure  of  15  lbs,  for  every  square 
inch  of  their  extent.  This  fact  has  long  been  known 
m  the  English  schools,  though  the  brothers  Weber 
appear  to  claim  it  as  their  discovery,  in  their  recent 
pubhcation  entitled  Mechanik  der  MenschUchen  Gehwerh- 
zeuge* 

The  hip-joint,  like  all  enarthroses,  possesses  move- 
ments of  flexion  and  extension,  abduction  and  adduction, 
rotation  and  circumduction.  Of  all  these  motions,  that 
of  flexion  is  by  far  the  most  important  and  extensive.  It 
can  be  continued  till  the  front  of  the  thigh  touches  the 
anterior  surface  of  the  abdomen.  Extension,  on  the  con- 
trary, can  be  carried  but  a  few  degrees  beyond  the  right 
line,  being  checked  by  the  contact  of  the  superior  surface 
of  the  neck  of  the  femur  with  the  outer  side  of  the  brim 
of  the  acetabulum.  Abduction  is  more  extensive  than 
the  last ;  it  is  limited  by  the  striking  of  the  upper  border 
of  the  neck  of  the  femur  against  tlie  upper  jDart  of  the 
brim  of  the  acetabulum.  Adduction  is  a  movement  of 
email  extent  when  the  skeleton  is  in  position ;  being 
stopped,  almost  at  the  outset,  by  the  encounter  of  the 
femur  which  is  put  in  motion  with  the  corresponding 
bone  of  the  other  side.  But  if  a  clear  space  be  afforded 
by  flexing  the  opposite  limb,  adduction  may  be  carried  to 
an  angle  of  about  45  degrees.  Here  it  is  checked,  in  the 
recent  subject,  by  the  tension  of  the  external  ligaments 
of  the  hip-joint.  In  the  macerated  skeleton,  however, 
this  movement  may  be  continued  till  the  femur  lies  hori- 
zontally beneath  the  pelvis.  The  femur  may  also  be  made 


*  Dr.  Todd  informs  me  that  the  contiguous  surfaces  of  the 
shoulder-joint  are  held  together  in  a  similar  mauner  by  atmospheric 
pressure.  He  has  ascertained  by  experiment  that  so  long  as  the 
capsule  of  the  shoulder-joint  remains  air-tight,  the  head  of  the 
humerus  is  retained  \vithin  the  glenoid  cavity  of  the  scapula;  but 
that,  upon  cutting  open  the  capsule  so  as  to  admit  air  into  the 
joint,  the  two  bones  immediately  separate  from  each  other.  Tho 
same  effect  takes  place  without  perforaticm  of  the  capsule,  when 
the  atmospheric  pressure  on  the  external  surface  of  the  joint  is  re- 
moved by  means  of  an  air-pump.  Tbese  tests  are  only  applicable 
to  joints  having  a  loose  capsule  ;  but  it  is  probable  that  tlie  pres- 
sure of  the  air  contributes  more  or  less  to  the  maintenance  of  union 
in  all  the  diarthrodial  articulations. 
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to  cross  its  fellow,  by  combining  adduction  witli  a  slight 
movement  of  tiexion  or  extension  ;  the  limb  put  in  motion 
passing,  in  the  former  case  before,  in  the  latter  case 
behind,  the  opposite  extremity.  The  motion  of  circum- 
durtion  requires  no  particular  notice  ;  that  of  rotation 
will  be  more  readily  understood  when  we  have  briefly 
noticed  the  inclination  of  the  shaft  of  the  femur,  and  the 
angular  disposition  of  its  head  and  neck.  The  purpose 
and  mearung  of  this  double  obliquity  of  the  thigh-bone 
appear  to  have  been  very  generally  misunderstood  by 
physiologists.  The  explanation  most  commonly  received 
is  that  advanced  by  Sir  Charles  Bell,  in  his  welhkuown 
treatise  on  Animal  Mechanics.  This  eminent  physiolo- 
gist compares  the  obliquity  of  the  neck  of  the  thigh-bone 
to  the  inchnation  of  the  spokes  in  a  cart-wheel,  technically 
termed  the  clisliiyig  of  the  wheel.  He  conceives  that 
when  a  cart  stands  on  a  horizontal  plane  (Fig.  1),  so  that 
the  weight  is  equally  divided  between  the  two  wheels,  the 


Fig.  1. 


Fig.  2. 


1 

1  ' 

beanng-spokes  of  each  wheel  are  oblique  to  the  Hue  of 
the  pressure;  but  that,  wh  n  the  cart  stands  on  the  side 
ot  a  hill  fFig.  2),  HO  that  more  weight  is  thrown  upon  one 
wheel  than  upon  the  other,  the  bearing-spoke  of  the 
more  heavily-laden  wheel  becomes  parallel  to  the  line  of 
pressure,  and  is  thus  adapted  to  support  the  increased 
strain.  In  the  .same  manner,  he  suppo.ses  the  necks  of 
tbe  thigh-bones  to  be  inclined  outwards  when  we  stand 
erect,  m  order  that  when  we  throw  our  weight  u[)on  one 
leg,  the  neck  of  the  corresponding  femur  may  approach 
the  vertical  position  and  ho  sustain  without  iuiury  the 
accumulated  pressure  of  the  trunk. 

I'o  this  comparison,  how(;ver,  it  may  bo  objected  that 
the  inclination  of  the  spokes  in  a  wheel  is  counteracted 
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by  an  equivalent  inclination  {a  a,  Fig.  3)  of  tte  axle  on 
wliicli  the  wheel  turns ;  so  that,  when  the  cart  rests  on  a 

horizontal  plane,  the  bearing- 
■F%r.  3.  spoke  (or  spoke  immediately 

^  — beneath  the  axle)  is  not  in- 

clined,  as  Sir   Charles  Bell 
supposes,  but  stands  in  a  ver- 
tical position,  as  shown  in  Fig.  4).*    But  if  the  fact 
were  otherwise— if  the  dishing  of  the  wheel  had  really 

the  effect  attributed  to  it  by 
j;;g,i.  Sir  Charles  BeU— the  cases 

compared  would  still  be  dis- 
similar. A  straight  spoke, 
inclined  at  an  angle  to  the 
line  of  pressure,  is  only  ob- 
lique with  regard  to  the  ob- 
ject supported ;  and  its  ob- 
liquity may  be  removed  by  a 
change  of  its  relative  position 
to  that  object.  But  the  femur 
is  a  column  hent  upon  itself;  its  obliquity  is  not  relative, 
but  inherent;  it  cannot,  therefore,  be  diminished  by  any 
change  of  position,  but  requires  for  its  removal  an  altera- 
tion in  the  form  of  the  bone  itself.  It  is  true  that,  in 
standing  on  one  leg,  the  neck  of  the  femur  becomes  more 
vertical;  but  then  the  shaft  becomes,  in  exactly  equal 
proportion,  more  oblique ;  so  that  the  total  obhqiiity  of 
the  column  remains  the  same,  and  the  strain  tending  to 
break  the  bone  at  the  angle  suffers  no  diminution.  Hence, 
both  in  fact  and  in  principle.  Sir  Charles  Bell's  exj^lana- 
tion  appears  to  be  erroneous. 

Several  important  advantages  are  attained  by  the 
double  obliquity  of  the  femur,  in  compensation  for  the 
loss  of  strength  undeniably  incurred  by  the  angular  bend 
in  its  axis.  In  the  first  place,  the  separation  of  the 
shafts  from  each  other,  resulting  from  the  length  and  in- 
clination of  the  neck,  gives  room  between  the  thigh- 
bones for  the  large  muscular  masses  which  he  on  the 
inner  side  of  each  femur.  With  all  the  advantages  of  the 
existing  obhquity,  the  interval  is  but  just  large  enough 
for  the  purpose ;  and  if  the  thigh-bones  were  straight, 
the  muscles  in  question  could  only  find  room  between 


*  See  Parnell  "  On  Iloafh;'  &c.  p.  805.— "Tbo  ann3  of  the  ax 
Bbould  be  bo  bent  as  to  briug  an  upright  spoke." 
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them,  by  a  removal  of  the  sockets  to  a  greater  distance 
from  the  median  plane,  which  would  involve  an  enlarge- 
ment of  the  whole  pelvis. 

In  the  second  place,  it  results  from  this  form  of  the 
bone,  that  when  its  lower  extremity  advances  in  the 
vertical  plane,  its  head  and  neck  turn  on  a  horizontal 
axis : — in  other  words,  that  the  angular  motion  of  its 
shaft  is  converted  into  a  rotary  movement  at  the  hip- 
joint.  The  advantages  of  this  conversion  are  obvious. 
First,  it  tends  to  equalize  the  extent  of  bearing  surface 
in  the  hip-joint  during  the  progress  of  the  thigh  fi'om 
extension  to  flexion,  or  the  reverse ;  so  that,  whether  the 
body  is  supported  on  the  femur  while  standing  beneath 
the  pelvis,  or  while  flexed  to  a  right,  or  even  to  an  acute 
angle  (as  often  happens  in  such  actions  as  climbing  a 
steep  hill,  ascending  a  flight  of  abrupt  stairs,  and  the 
like),  the  head  of  the  bone  is  never  subjected  to  undue 
pressure.  For,  the  rotation  of  a  hemispherical  head  with- 
in a  socket  of  the  same  form  (Fig.  1)  involves  no  diminu- 
tion in  the  extent  of  the  contiguous  articulating  sur- 
faces ;  but  the  angular  motion  of  a  joint  of  this  kind 
(Fig.  2)  throws  part  of  the  ball  out  of  the  socket,  and 
leaves  part  of  the  socket  without  bearing  to  rest  upon ; 
so  that  the  weight,  instead  of  being  distributed  equally 
over  the  whole  surface  of  the  head,  is  concentrated  upon 
that  portion  which  remains  within  the  cavity.  In  the 
case  of  flexion  to  a  right  angle  (represented  in  Fig.  2).  the 


fiff-  1-  Fig.  2.  Fig.  3.  Fig.  4. 


effective  .=mrfaces  of  the  joint  would  be  reduced  to  exactly 
one-half  their  ordinary  extent,  and  would  consequently 
pj'^e  to  sn.itain  double  the  usual  amount  of  pressure, 
rhi.s  evil  would  be  entirely  obviated  if  the  head  were 
placed  on  a  neck  projecting  at  right  angles  from  the 
shaft  (Fig.  3) ;  and  it  is  considerably  diminished  by  the 
exmting  approximation  to  that  form  (Fig.  4). 

Again,  flexion  is  greatly  increased  in  extent  by  this 
conversion  of  angular  into  rotary  motion  ;  for  the  (iru/nlnr 
motion  of  a  deep  enarthrosis,  such  as  that  of  the"  hip, 
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would  be  soon  stopped  by  the  contact  of  tbe  neck  of  one 
bone  with  the  brim  of  the  socket  of  the  other  :  whereas, 
rotation  meets  no  such  check  in  the  conformation  of  the 
joint  itself,  but  may  be  continued  indefinitely,  until  op- 
posed by  the  tension  of  ligaments,  the  encounter  of  a 
neighbouring  limb,  or  other  adventitious  obstacle.  Thus, 
ujider  the  existing  arrangement,  the  thigh  may  be  flexed 
ujitil  its  anterior  surface  touches  the  abdomen,  its  lower 
extremity  describing  a  curve  of  at  least  145  degrees ; 
whereas,  if  the  acetabulum  were  directed  vertically',  and 
the  head,  neck,  and  shaft  of  the  femur  formed  one  con- 
tinuous line,  so  that  their  motions  extended  without 
modification  to  the  joint,  the  range  of  the  thigh  in  flexion 
would  be  reduced  to  45  or  50  degrees* 

On  the  whole,  then,  three  princijjal  advantages  appear 
to  result  from  the  double  inclination  of  the  femur,  in 
return  for  the  diminution  of  strength  necessarily  involved 
in  that  form  :  viz.  1st,  enlargement  of  the  space  for  the 
adductor  muscles  between  the  thigh-bones;  2ndly,equaU- 
zation  of  the  extent  of  bearing-surface  in  the  hip-joint 
throughout  its  passage  from  extreme  flexion  to  extreme 
extension,  or  the  reverse  ;  3rdly,  increase  of  the  range  of 
the  thigh  in  flexion — the  most  important  and  frequently 
repeated  of  all  its  movements.  To  these  we  may  add,  as 
an  incidental  advantage  resulting  from  the  length  and 
obliquity  of  the  neck,  the  removal  of  the  great  trochanter 
to  a  considerable  distance  from  the  centre  of  motion,  and 
the  consequent  acquisition  of  force  (in  the  stead  of  super- 
fluous velocity)  by  the  muscles  attached  to  that  pro- 
cess.f    Nor,  again,  can  it  be  doubted  that  the  angular 


•  The  common  statement,  that  the  length  and  obliquity  of  the 
neck  give  increased  freedom  to  the  motion  of  the  hip-joint,  is  evi- 
dently erroneous.  The  movements  of  tlie  ball  within  the  socket 
would  lose  nothing  in  exteut,  if  the  neck  were  shortened  by  half, 
and  placed  in  a  right  line  with  the  shaft.  The  existing  confomia- 
tion  does  not  increase  the  total  amount  of  mobility,  but  only  alters 
its  distribution.  If  the  aiif/iilar  motion  of  the  shaft  is  increased  m 
extent,  its  rotanj  movement  suffers  a  precisely  equivalent  diminu- 
tion Whatever  aMuction  gains  in  freedom,  nhiliH-twn  of  necessity 
loses-  and  so  on  for  the  rest.  (The  misapprelieusiou  iiere  noticed 
is  akin  to  the  vulgar  mechanical  errors,  that  a  fly-wheel  increases 
the  force  of  an  engine,  tliat  a  lever  miillipties  power,  &c.) 

t  This  is  sometimes  put  forward  as  in  itself  an  adequate  reason 
for  the  double  obliquity  of  the  femur:  but  sucli  an  e.^tplauation 
appears  to  me  iusufficient ;  for  it  would,  I  think,  have  been  a  clumsy 
expedient  to  weaken  the  whole  column  by  an  angular  bend,  for 
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disposition  of  the  neck  tends  to  increase  the  longitudinal 
elasticity  of  the  femur,  and  must  therefore  contribute  to 
disperse  concussions  transmitted  through  the  bone  to  the 
pelvis. 

"We  may  now  return  to  the  movement  of  rotation,  the 
nature  of  which  has  been  indirectly  exi^lained  in  the  fore- 
going remarks.  It  is  evident  that  if  a.n.ff  idar  movements 
of  the  shaft  of  the  femur  are  performed  by  rotation  of  its 
head  within  the  acetabulum,  the  converse  proposition 
must  be  time,  that  rotation  of  the  shaft  is  jjer formed  by 
angular  movements  at  the  hip-joint.  The  student  must, 
however,  bear  in  mind  that  the  neck  being  oblique,  not 
perpendicular  to  the  axis  of  the  shaft,  this  reciiDrocal  con- 
version of  movements  is  only  partial;  the  angular  and 
rotatory  motions  of  the  shaft  being  each  performed  by  a 
movement  of  the  joint  intennediate  between  the  two. 

It  would  be  unnecessary  to  dwell  upon  the  mechanical 
advantages  which  the  shaft  of  the  femur  derives  from  its 
cyhndrical  form,  its  longitudinal  curvature,  and  the 
dense  rib,  or  Unea  aspera,  which  runs  along  its  posterior 
surface.  The  holloio  cylinder  is  known  to  be  the  most 
advantageous  form  for  a  column,  i.e.,  the  mode  of  dis- 
position in  which  a  given  weight  of  material  is  capable  of 
sustaming  the  greatest  amount  of  pressure.  The  effect 
of  loiujitudinal  curvatures  in  preventing  absolute  rigidity, 
and  distributing  the  force  of  concussion,  has  already 
fallen  under  our  notice;  and  the  Unea  aspera  serves 
evidently  as  a  buttress  to  that  side  of  the  column  which, 
on  account  of  its  concavity,  sustains  the  chief  force  of 
longitudinal  compression,  and  is  most  liable  to  be  crushed 
by  the  constant  weight  of  the  trunk,  or  by  the  still 
severer  pressure  to  which  the  bone  is  occasionuUy  subject 
(as  in  the  action  of  jumping  from  a  height  to  the  ground, 
carrying  heavy  burdens  on  the  back,  &c.). 

Thfi  lower  extremity  of  the  femur  enters  into  the 
structure  of  the  knee-joint,  and  will  be  noticed  in  our 
account  of  the  mechanism  of  that  important  articulation. 


the  Bolfi  purijose  of  gaining  a  IcvfTago  wliicli  would  have  rcRulted 
as  c-;rtainly,  and  witliont  any  such  Hacrifice  of  struugtli,  from  a 
alight  prolongation  of  the  trochanter  major. 
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325.  Tlie  leg  is  formed  of  three  bones ;  two  of  the 
cylindrical  class,  called  the  tihia  and  fibula,  respectively- 
analogous  to  the  ulna  and  radius  of  the  upper  extremity  ; 
the  third  a  small  appendage,  named  the  imtella  or  hnee- 
pan,  resembling  the  sesamoid  bones  on  the  one  hand,  and 
the  olecranon  process  of  the  ulna  on  the  other. 


OF  THE  TIBIA. 


326.  The  tibia  occupies  the  anterior  and  internal  part 
of  the  leg,  extending  in  a  direct  line  from  the  thigh  to 
the  foot.  It  is  the  largest  bone  of  the  leg,  and,  indeed, 
excepting  only  the  femur,  of  the  entire  skeleton.  It  is  of 
a  prismatic  figure,  considerably  expanded  above,  where 
it  enters  into  the  composition  of  the  knee  ;  more  slightly 
enlaro-ed  below,  where  it  contributes  to  form  the  ankle- 
joint."  In  the  well-formed  male  it  stands  vertically,  so  as 
to  be  parallel  with  its  fellow  of  the  opposite  side ;  but  m 
the  female,  in  whom  the  femur  descends  very  obliquely 
inward,  the  tibia  has  a  compensating  inclination  down- 
ward and  outward.  We  shall  examine,  in  the  usual  order, 
the  extremities  and  shaft  of  the  bone. 

327  SuPEKiOB  EXTREMITY.  At  least  twice  as  large 
as  the  lower ;  of  an  oblong  form,  with  the  long  diameter 
transverse  ;  divided  into  two  lateral  eminences,  called  the 
TUBEROSITIES  OF  THE  TIBIA..  Thcse  eminences  are  con- 
tinuous with  each  other  in  front,  but  separated  postenorly 
by  a  shallow  notch,  called  the  ■popliteal  notch,  which  gives 
attachment  to  a  ligament.*  In  size,  the  internal  tube- 
rosity somewhat  exceeds  the  ex-temal ;  m  form,  the  two 
eminences  closely  resemble  each  other— so  that  the 
surfaces  are  susceptible,  in  a  great  measure,  of  a  common 
description.  Surfaces.  Superior.  The  supenor  surface 
of  each  tuberosity  presents  a  smooth  oval  concavity, 
deepened  in  the  recent  subject  by  a  semilunar  hbro-carti- 
lao-e  and  articulating  with  the  corresponding  condyle  of 
the  femur  The  articular  surface  of  the  internal  tube- 
rosity is  longer,  and  somewhat  more  concave  than  that 
of  the  external ;  which,  on  the  other  hand,  is  the  wider 
cavity  of  the  two.  Between  these  surfaces,  and  some- 
what nearer  to  the  posterior  than  to  the  anterior  aspect 


Pos^rior  crucial. 
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of  the  bone,  appears  the  spinous  process  of  the  iihia,  a 
pyniiniJal  eminence,  presenting  at  its  summit  two  sharp 
tubercles,  and  giving  attachment  before  and  behind  to 
ligaments.*  Before  and  behind  this  eminence  are  rough 
surfaces,  presenting  well-marked  ligamentous  impres- 
sions.f  Lateral.  The  lateral  surface  of  each  tuberosity 
is  convex  and  rough.  That  of  the  internal  tuberosity 
gives  attachment  to  a  ligament.  J  Anterior.  This  aspect 
of  the  tuberosities  presents  a  continuous  surface,  of 
triangular  form,  wide  above,  narrow  below,  where  it 
terminates  at  an  oblong  eminence  of  considerable  size, 
called  the  tubercle  of  the  tibia.  This  tubercle  is  divided 
into  two  parts  ;  an  infei'ior,  rough,  for  the  attachment  of 
a  strong  hgament;§  a,  superior,  smooth,  and  covered  in 
the  recent  subject  by  a  bursa,  over  which  the  ligament 
ghdes.  Posterior.  The  posterior  surface  of  the  internal 
tuberosity  presents  a  horizontal  groove  for  the  attach- 
ment of  a  muscle. II  The  posterior  surface  of  the  external 
tuberosity  presents  a  tiat,  nearly  circular  facet,  directed 
downward,  backward,  and  outward,  for  articulation  with 
the  hbula.  Above  this  facet  and  nearer  the  median  line 
is  a  .smooth,  extremely  shallow  groove  for  the  transmission 
of  a  tendon.^ 

328.  I.NFEKioR  EXTREMITY.  This  extremity  is  of  a  quadri- 
lateral form,  more  extensive  in  the  transverse  than  in 
the  antero-posterior  diameter,  and  distinguished  by  a 
strong  process  called  the  malleolus  internus,  which  pro- 
jects downward  from  its  inner  side.  Surfaces.  Anterior. 
A  smooth  convex  surface  covered  in  the  recent  subject  by 
several  tendons.**  Posterior.  Presents  a  superficial 
groove,  directed  downward  and  a  little  inward,  continuous 
with  a  similar  groove  on  the  astragalus,  and  serving  for 
the  transmissiijn  of  a  tendon.ff  This  groove  is  usually 
very  indistinct,  and  should  be  carefully  distinguished  from 


*  Th';  two  ligaments  by  which  tho  extremities  of  the  external 
semilunar  cartilage  are  fastened  to  the  bone. 

t  The  atitf.rvrr  .surface  givr;s  attachment  to  tho  anterior  crucial 
ligament,  and  the  anterior  ligament,  of  the  internal  semilunar  car- 
tilage; the  /xy«<eri'/r  surface  gives  attachment  to  the  posterior 
ligament  of  the  internal  semilunar  cartilage,  and  a  few  fibres  of  thu 
posterior  crucial  ligament. 

t  Internal  lateral  ligament  of  the  knee-joint. 
§  I.igamentum  patellfc.  ||  ScmimembranosuB. 

1  i'oplit';us.  •*  Extensors  of  the  toes, 

tt  Flexor  longus  pollicis. 
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a  mncli  deeper  groove  which  runs  by  its  side,  and  in  a 
nearly  parallel  direction,  on  the  back  of  the  malleolus 
internus.    External.    Presents  a  triangular  rough  ex- 
cavatiou,  con-esponding  to  a  similar  convexity  on  the 
fibula,  to  which  it  is  attached  by  an  interosseous  ligament. 
It  is  bounded  by  two  ridges,  the  anterior  more  prominent 
than  the  posterior,  both  rough  for  the  attachment  of 
ligaments  *     (Cruveilhier  describes  this  excavation  as 
presenting  at  its  lower  part  a  narrow  smooth  surface  for 
articulation  with  a  similar  facet  on  the  fibula.    This  I 
have  never  seen.    In  all  the  specimens  I  have  examined, 
the  excavation  everywhere  attaches  the  interosseous  liga- 
ment ;  the  lower  border  of  which  consequently  appears  in 
the  ankle-joint,  level  with  the  tibial  articular  surface.) 
Internal.     This   surface  extends  downward  upon  the 
MALLEOLUS  INTERNUS,  a  stroug  process  of  iiyramidal  form, 
flattened  from  within  outward,  convex  and  subcutaneous  , 
on  its  inner  side,  smooth  and  cartilaginous  externally, 
where  it  is  continuous  with  the  terminal  articular  surface 
of  the  bone.    The  anterior  harder  of  this  process  and_  its 
truncated  extremity  or  summit  present  marks  of  hga- 
mentous  insertiou.f    Its  fosterior  border  is  traversed  by 
a  deep  groove,  sometimes  double,  which  runs  obliquely 
downward,  inward  and  forward,  for  the  transmission  of 
two  tendons.j:   Inferior.   This  surface,  by  which  the  tibia 
articulates  with  the  astragalus,  is  of  a  quadrilateral  foi-m, 
wide  externally,  where  it  meets  at  a  right  angle  the 
narrow  articular  margin  of  the  depression  which_  receives 
the  fibula  ;  somewhat  narrower  internally,  where  it  is  con- 
tinuous with  the  smooth  outer  surface  of  the  malleolus 
internus.    It  is  uniformly  concave  in  the  antero-ijostenor 
direction,  but  is  rendered  alternately  convex  and  concave 
in  the  opposite  sense  by  the  presence  of  a  median  elevation 
running  from  before  backward,  and  separating  two  lateral 

depressions.  ,.         i-      .  • 

329  Body  or  Shaft.  Presents  the  form  of  a  tri- 
angular prism,  curved  twice  upon  itself,  so  that  its  inner 
aspect  is  convex  from  above  downward  at  the  upper  part, 

*  Anterior  and  posterior  ligaments  of  the  inferior  tibio-fibular 
articulatioii.  ligament  of  the  ankle-joint,  or  tibio- 

taraal  h|araent.^^^^^^  and  flexor  communis  digitorum  pedis ;  the 
former  being  in  front  of  the  latter,  and  somewhat  on  its  outer  side. 
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concave  in  tlie  same  sense  below.  It  is  also  twisted  on 
its  axis  in  such  a  manner  that  its  posterior  surface,  which 
looks  clireotly  backward  above,  looks  backward  and  out- 
ward below.  Its  most  slender  part  is  not  in  the  middle 
of  its  length,  but  at  the  junction  of  its  upi^er  three- 
fourths  with  its  lower  fourth,*  and  from  this  point  to  each 
ertremitv  it  increases  gradually  in  thickness.  It  presents 
three  surfaces,  separated  by  three  borders. 

330.  Borders.  Anterior.  This  is  the  most  elevated 
border  of  the  three,  and  for  that  reason  is  called  the  crest 
of  the  tihia.  It  commences  above  at  the  ti;berosity  of  the 
tibia,  and  terminates  below  at  the  anterior  border  of  the 
malleolus  intei-nus.  It  pursues  a  sinuous  course,  turning 
a  little  outward  at  its  upper  extremity,  and  taking  a  con- 
siderable bend  inward  below.  It  is  very  sharp  and 
prominent  at  its  upper  and  middle  part,  rounded  and 
indistinct  in  the  lower  third  of  its  length.  In  the  living 
subject  it  hes  immediately  beneath  the  skin,  and  is 
popularly  termed  the  sliiii.  It  gives  attachment  to  an 
aponeurosis.t  Internal.  This  border  is  the  least  dis- 
tinctly prominent  of  the  three.  It  rtms  from  the  posterior 
part  of  the  internal  tuberosity  to  the  posterior  border  of  the 
malleolus  internus.  It  is  somewhat  indistinct  above  and 
below,  but  the  intervening  portion  is  sufficiently  well 
marked.  It  gives  attachment  to  some  fibres  of  three  mus- 
cles.! External.  Commences  above  at  the  external  tube- 
rosity just  in  front  of  the  articular  facet  for  the  head  of  the 
fibula,  and  bifurcates  below  to  form  the  anterior  and  poste- 
rior margins  of  the  triangular  depression  which  receives  the 
lower  e.xtremity  of  the  fibula.  It  is  sharp,  especially  in  its 
midflle  portions,  and  gives  attachment  to  an  aponeurosis. § 

3:jl.  ScKF.\CKS.  Posterior.  This  surface  is  divided 
into  two  pJirli~Tjy  a  ridge,  called  the  ohliqne  line  of  the 
tihio,  which  runs  from  the  articular  facet  for  the  head  of 
the  fibula  downward  and  inward  to  the  internal  border, 
which  it  joins  at  an  acute  angle  just  where  the  upper 
joins  the  middle  third  of  the  shaft.  The  oblique  line  is 
rou<;h  for  the  attachment  of  a  fascia, ||  and  part  of  a 
muade.^    ITie  surface  aVjove  it  is  of  a  triangular  form. 


•  H(;DC<;  the  frequency  of  fracture  at  this  point, 
t  Th>;  apoiieurosiH  of  the  lug. 
%  Poplit<;ns,  .Hol'ju.s,  and  flexor  hjiigus  (lit<itorum  podia. 
§  Interosseous  membrane.  II  i'oplileal. 

^  Inner  head  of  .soleuB. 
T 
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wide  at  its  iiiDper  part,  terminating  in  an  acute  angle 
below,  and  looking  directly  backward.  It  is  concave  from 
above  downward,  convex  transversely,  and  rough  for  the 
insertion  of  a  muscle.*  The  jDortion  of  surface  which  hea 
below  the  oblique  line  (comprising  about  two-thirds  of  the 
whole)  is  flat  and  smooth,  narrower  above,  where  it  is 
directed  backward,  than  below,  where  it  looks  some- 
what outward  as  well  as  backward,  in  conseciuence  of  the 
twist  of  the  bone.  This  surface  is  covered  by  two  muscles.f 
to  which  its  upper  two-thirds  give  origin;  and  it  presents 
at  its  superior  part,  immediately  beneath  the  oblique  hne, 
the  medullary  foramen  of  the  tibia,J  entering  the  bone 
obliquely  downward.  Internal.  A  smooth  surface,  wider 
above  than  below.  Its  upper  part  looks  inward  and  for- 
ward, and  is  covered  by  an  aponeurotic  expansion  ;§  its 
lower  part  loolcs  directly  inward,  and  lies  immediately 
beneath  the  skin.  External.  The  two  upj^er  thirds  of 
this  surface  are  directed  inward,  and  hollowed  by  a 
shallow  vertical  groove  for  the  attachment  of  a  muscle.|) 
The  lower  third  winds  around  the  bone,  looking  at  first 
forward  and  inward,  afterward  almost  directly  forward. 
It  is  smooth,  convex,  and  covered  by  several  tendons.^ 

332.  Stiiuctuue.  Agrees  in  every  reispect  with  that  of 
the  k>ng  bones  in  general,  which  has  already  been  fully 
described.  Development.  By  three  points,  one  for  the 
shaft  and  one  for  each  terminal  ejjiphysis.  The  ossifio 
centre  of  the  body  appears  from  the  twenty-fifth  to  the 
fortieth  day  of  fostal  life ;  that  of  the  sujDerior  epiphysis 
within  the  first,  that  of  the  inferior  epiphysis  within  the 
second,  year  after  birth.  The  superior  ejjiphysis  is  a  thia 
terminal  layer,  prolonged  downward  in  front,  so  as  to 
include  the  tubercle  of  the  tibia.    The  inferior  epiphysis 


*  Popliteus. 

T  Tibialis  posticus,  and  floxor  communis  digitonim,  which  arise 
side  by  side,  the  former  extern.il  to  the  hitter. 

X  This  bole  is  remarkably  large,  and,  in  well-marked  specimens, 
preceded  by  a  groove.  It  is  through  this  foramen  that  Cruveilliier 
has  traced  a  nerve,  accompauj'ing  the  medullary  artery  into  the 
substance  of  tlie  bone. 

§  Derived  from  the  conjoined  tendons  of  the  gracilis,  sartorius 
and  semiteiidiLcisus. 

II  Tibialis  anticus  ;  and  also,  at  the  upper  part,  some  fibres  of  the 
extensor  digitorum  communis. 

^  Those  o'f  the  tibialis  anticus,  extensor  proprius  pollicis,  ex- 
tensor communis  digitonnn,  and  peroneus  tertius.  Tliese  tendons 
lie  in  the  order  of  eniuneration,  proceeding  from  withiu  outward. 
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in  lite  manner  includes  the  malleolns  internns.  In  one 
instance,  however,  a  separate  ossific  point  has  been 
observed  by  Beclard  in  the  malleolus  interuus  ;  aud  Cru- 
veilhier  states  that  the  tubercle  also  is  sometimes  de- 
veloped from  a  centre  of  its  own.  The  ossific  union  of 
these  pieces  coincides  with  the  period  of  perfect  develop- 
ment, which  varies  from  eighteen  to  twenty-five  years  in 
different  iudividnals.  The  law  of  inverted  order  already 
stated  is  plainly  exemplified  here  ;  for  the  inferior  epi- 
phvsis,  which  is  the  latest  to  ossify,  is  the  first  to  unite 
with  the  shaft.  Articulations.  With  the  femur  and 
head  of  the  fibula  above  ;  with  the  astragalus  and  inferior 
extremity  of  the  fibula  below. 

OF  THE  FIBULA. 

333.  The  fibula  is  the  slenderest,  in  proportion  to  its 
length,  of  all  the  cylindrical  bones.    It  is  placed  on  the 
outer  side  of  the  leg,  nearly  parallel  to  the  tibia,  but 
inchning  a  little  foi-wai'd  as  it  descends,  so  that  its  lower 
extremity  is  on  a  plane  somewhat  anterior  to  that  of  the 
upper.    It  is  of  an  irregularly  prismatic  form  in  the  upper 
three-fifths  of  its  length,  but  flattened  from  side  to  side  in 
the  lower  two-fifths.   It  is  curved  longitudinally  so  as  to 
present  a  convexity  towards  the  tibia,  a  concavity  in  the 
opposite  direction.     It  has  the   apiDearance  of  being 
twisted  on  its  axis,  the  surface  which  is  external  above 
winding  round  so  as  to  become  posterior  below.    In  this 
and  other  instances  of  torsion,  however,  the  student  is 
not  to  imagine  that  the  bone  is  really  twisted,  or  that 
the  fibre.s  of  its  .shaft  take  a  spiral  direction  ;  the  appear- 
ance is  entirely  superficial,  and  always  depends  on  the 
passage  of  tendons  or  nerves  in  a  winding  course  along 
the  bone.  I  make  this  remark  because  Cruveilhier  speaks 
of  the  "  lo.vj  of  torsion  of  bones  ;"  an  expression  calculated 
to  suggest  the  notion  that  their  twisted  appearance  is 
.something  more  than  a  mere  modelling  of  external  sur- 
face, and  that  a  torsion  or  sijiral  arrangement  of  the 
fibres  does  actually  exist.    Wc  shall  consider,  as  usual, 
first  the  'iX,iriyini.f.i<:H,  and  afterwards  the  nhaft,  of  the  bone. 

•i^j'^.  Upi-kfi  E.XTKK.MITY  OR  Hkad.  Au  epiphysis  of 
irregiilarly  rounded  form,  presenting  a  terminal  articular 
surja'-A,  a  blunt  eminence  called  the  Hti/loid  procent:  of  the 
fibula,  and  an  uneven  cirrAvmfcr'rnrit.  The  terminal  nnr- 
j'lrp,  i.H  a  flat  facet,  directed  upward,  forward,  and  in- 
ward, to  articulate  with  thi;  corresponding  facet  on  the 
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external  tuberosity  of  the  tibia.  Tbe  styloid  process  pro-l 
jects  upward  from  the  posterior  part  of  the  head,  and  by« 
its  rounded  summit  gives  attachment  to  a  ligament.*"^ 
The  circ'winference  gives  attachment  on  all  sides  fcoa 
muscles  and  ligaments.f 

335.  Lower    Extremity,   or  Malleolus  Exteknus.ii 
This  epiphysis  is  larger  and  descends  lower  than  thee 
malleolus  internns  of  the  tibia,  to  which  it  corresponds.), 
It  has  the  form  of  a  triangular  pyramid,  somewhat  flat-' 
tened  from  side  to  side,  joined  by  its  base  to  the  shaft,, 
and  presenting  for  examination  three  surfaces,  three  hor-- 
ders,  and  a  rounded  extremity  or  summit.    Its  outer  sur- 
face is  convex,  subcutaneous,  and  continuous  with  a 
triangular  surface,  also  subcutaneous,  on  the  outer  aspect 
of  the  shaft..  Its  iimer  surface  is  divided  into,  1st,  an 
articular  portion  of  triangular  form,  wider  above  than 
below,  slightly  convex,  and  corresponding  to  an  articular 
surface  on  the  outer  side  of  the  astragalus  ;  2ndly,  a, 
small  non-articular  portion,  situated  behind  and  below 
the  former,  and  presenting  a  rough  depression  for  the 
attachment  of  a  ligament. J    The  posterior  surface  of 
the  malleolus  e.xternus  is  narrower  than  the  other  two, 
and  channelled  by  a  shallow  groove,  which  runs  obliquely 
downward  and  outward,  and  transmits  two  tendons. §  Of 
the  three  borders  of  this  epiphysis,  the  anterior  is  thick, 
uneven,  and  marked  at  its  lower  part  with  the  imjjressinn 
of  a  ligament  ;{|  the  external  is  an  elevated  ridge,  forming 
the  outer  boundary  of  the  groove  on  the  posterior  surface  ; 
the  posterior  is  rounded  and  smooth  ;  all  three  converge 
towards  the  summit  of  the  process,  which  is  a  conical 
eminence,  prolonged  obliquely  downward  and  outward, 
and  furnisliing  attachment  to  a  ligament.^ 


*  Short  external  lateral  ligameut  of  tbe  knee, 
t  Tbe  external  side  of  the  liead  givus  attachment  to  the  long  ex- 
ternal lateral  ligamentof  tlie  knee,  the  posterior  fibres  of  the  teudmi 
of  the  bieeps,  aud  the  upper  fibres  of  the  peroueus  longus  :  its 
interiinl  side,  to  a  few  tibio-fibular  liKaiiieutous  fibres ;  its  anU  rinr 
aspect,  to  the  anterior  ligamentof  tlie  superior  tibio-fibular  joiul, 
the  anterior  fibres  of  the  tendon  of  the  biceps,  and  tbe  upper  ami 
anterior  fibres  of  the  peroueus  longus;  its  posterior  aspect,  to  the 
posterior  ligament  of  the  superior  tibio-libular  joint,  and  the  uppi-r 
fibres  of  tbe  outer  head  of  the  soh'us. 

t  Posterior  external  lateral  ligament  of  the  ankle-joint. 
§  Those  of  the  peroueus  longus  aud  brevis. 
II  Anterior  external  lateral  ligament. 
%  Middle  external  lateral  ligament. 
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3:^6.  Sir.\FT.  "We  have  given,  in  our  preliminary  notice 
of  the  tibula,  a  general  sketch  of  its  body  or  shaft, 
describinu-  its  torsion,  its  longitudinal  curvature,  and  its 
inclined  position,  and  adding,  with  respect  to  its  form, 
that  it  is  prismatic  above,  transversely  flattened  towards 
the  lower  extremity.  We  may  here,  therefore,  proceed 
at  once  to  the  minute  examination  of  its  lines  and  sur- 

3o7.  Lines.    Anterior.    Commences  above  at  the  front 
of  the  head,  runs  vertically  downward  to  the  middle  of 
the  bone,  then  curves  a  little  outward,  and  bifurcates, 
send  ins  one  branch  to  the  anterior,  and  one  to  the  ex- 
ternal border  of  the  malleolus  exteruus.    These  branches 
form  the  lateral  boundaries  of  a  triangular  subcutaneous 
space,  continuous  below  with  the  subcutaneous  surface  of 
the  malleolus  extemus.    (Sometimes  the  posterior  brancli 
of  this  bifurcation  is  taken  alone,  as  the  continuation  of 
the  anterior  line,  which  is  then  said  to  wind  backward 
and  terminate  at  the  external  border  of  the  malleolus  ex- 
ternus,  while  the  triangular  subcutaneous  interval  is 
described  as  part  of  the  anterior  surface.)  Interosseous. 
The  interosseous  line,  though  not  remarkable   for  its 
prominence,  is  a  boundary  of  great  importance  in  a 
mvological  point  of  view,  because  it  gives  attachment  to 
the  interosseous  membrane  that  stretches  between  the 
tibia  and  fibula,  and  separates  the  extensor  muscles, 
which  lie  in  front,  from  the  flexor  muscles,  which  are 
attached  behind.    This  line  runs  close  on  the  inner  side 
of  the  anterior  line,  nearly  parallel  to  it  in  the  upper  two- 
thirds  of  its  length,  where  the  interval  between  the  two 
is  .«eldom  more  than  an  eighth  of  an  inch  wide,  diverging 
from  it  a  little  in  the  lower  third  of  its  course,  so  that 
the  intervening  space  increases  in  width  to  about  a  quar- 
ter of  an  inch.  The  xipper  termination  of  the  interosseous 
line  varies  in  different  subjects  ;  sometimes  it  reaches  the 
head  of  the  bone  at  a  point  just  internal  to  the  origin  of 
the  anterior  line  ;   sometimes  it  becomes  indistinct  and 
cea-ses  about  an  inch  below  the  head.    Interiorly  it  ter- 
minate-! at  the  apex  of  a  rough,  convex,  triangular  space, 
situated  on  the  inner  aspect  of  the  bone,  just  above  the 
artifMiiar  surface  of  the  malleolus  extemus.  Posterior. 
Tfiis  line  commences  above  at  the  base  of  the  styloid 
proce>(.H,  and  terminates  below  at  the  posterior  border  of 
the  malleolus  externus.    ]5etween  this  line  and  the  inter- 
OHSeous  line,  on  the  internal  aspect  of  the  bone,  there  is 
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a  very  prominent  ridge,  called  the  oUique  line  of  the: 
fibula,  which  commences  above  at  the  inner  side  of  the; 
head,  descends,  at  first  vertically,  then  obliquely  forward, , 
and  terminates  below  by  falling  on  the  interosseous  line ; 
at  the  junction  of  the  upper  three-fifths  with  the  lower  i 
two-fifths  of  the  shaft.  (In  many  si^ecimens,  however,, 
the  oblique  line  cannot  be  traced  forward  so  far  as  the ) 
interosseous  line,  but  ceases,  rather  abruptly,  at  the  dia-,- 
tance  of  about  a  quarter  of  an  inch  from  it.)  This  ridge,, 
which  derives  its  name  from  its  oblique  direction,  belongs) 
to  the_  internal  surface  of  the  bone,  the  upper  part  of! 
which  it  divides  into  an  anterior  and  a  posterior  portion. . 
Strictly  speaking,  therefore,  its  description  should  be  re-- 
served  till  that  surface  comes  under  examination  ;  but  we; 
have  noticed  it  here  lest  the  student  should  mistake  itl 
for  either  of  the  lines  between  which  it  lies.  All  these) 
ridges  of  the  fibula  give  attachment  to  processes  of  fibrous » 
membrane,  separating  the  muscles  that  arise  from  the  in-- 
tervening  surfaces.* 

338.  Sdrpaces.  Anterior.  The  narrow  interval  lying ; 
between  the  anterior  and  interosseous  lines  is  all  that; 
can  with  propriety  be  called  the  anterior  surface  of  the  i 
fibula,  because  it  is  all  that  lies  in  fi-ont  of  the  inter-  • 
osseous  membrane,  and  gives  origin  to  the  extensor- 
muscles  of  the  toes.  Its  upper  two-thirds  are  flat ;  its  i 
lower  third  is  wider  than  the  jDortion  above,  and  grooved  I 
in  the  longitudinal  sense.  In  its  whole  length  it  gives  : 
attachment  to  muscles.f  The  triangular  subcutaneous  i 
space,  that  surmounts  the  malleolus  externus,  may  be  i 
described  as  part  of  this  surface  (337),  which  must  then  I 
be  said  to  wind  round  the  bone  at  its  inferior  extremity,  ' 
so  as,  from  looking  forward  above,  to  acquu-e  a  direction 


*  The  anterior  line  gives  attacLment  to  an  intenniisciilar  septum 
separating  the  peroneiis  longus  and  brevis  from  the  extensor  dijji- 
torum  communis  and  its  coutiuuation  the  peroueus  tenius;  the 
interosseous  line,  to  the  interosseous  membrane  ;  the  posterior  line, 
to  an  intermuscular  septum  separating  the  peronei  from  the  soleus 
and  flexor  pollicis  lougus;  the  oblique  line,  to  an  intermuscular 
septum  separating  the  tibialis  posticus  from  the  flexor  pollicis 
longus. 

t  'J'he  extensor  digitorum  communis,  and  the  peroneus  tcrtius, 
form  a  continuous  muscle,  which  arises  from  the  auterior  surface  in 
its  whole  length,  occupying  the  narrow  upper  two-thirds  exclu- 
sively, and  the  outer  half  of  the  lower  third,  or  wider  portion  of  the 
surface.  The  iuner  half  of  the  lower  third  gives  origin  to  the 
extensor  proprius  pollicis. 
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ouhrard  telow.    External.    Tliis  surface  is  directed  out- 
w-ard  in  its  upper  two-thirds,  where  it  is  uneven  and 
grooved  loncritudinally  ;  hut  looks  backward  below,  where 
ft  presents  a^smootli  surface  continuous  with  the  posterior 
surface  of  the  malleolus  extermis.    It  is  covered  below 
bv  the  Tendons  of  two  muscles,*  to  which  its  upper  halt 
o^ve-^  ori-in.    Internal.    This  surface  extends  fi-om  the 
ktter^osseous  Hue  iu  front,  round  to  the  posterior  Ime  be- 
hind    Its  lower  third  is  smooth  and  plane     Its  two 
upper  thirds  are  divided  mto  an  anterior  ^^d.  posterior 
portion  by  the  c>W;2«6  ridge  already  descnbed.  The  cm - 
f^-inr  portion  of  the  inner  aspect  (bounded  behind  by  the 
obhque  ridge,  in  front  by  the  interosseous  l/'ie)  Jooks  in- 
ward and  fbrward,  and  is  grooved  longitudma  ly  foi  the 
attachment  of  a  muscle.f    The  posterior  povtion  of  the 
inner  aspect  (bounded  in  front  by  the  oblique  ridge,  and 
behind  by  the  posterior  line)  merges  below  mto  the  smooth 
lower  third  of  this  aspect,  forming  with  it  one  contmuous 
surface  which  looks  inward  and  backward  above,  directly 
inwardbelow.  It  presents  at  its  upper  part  some  rugosi- 
ties for  the  attachment  of  part  of  a  muscle,J  and  at  its 
lower   extremity  the  rough  triangular   space  alreacLy 
noticed  in  the  description  of  the  interosseous  hne  (.i6/) 
This  space  is  convex,  and  corresponds  to  a  rough  depres- 
sion on  the  tibia,  to  which  it  is  bound  m  the  recent  sub- 
ier-t  bv  strong  ligamentous  fibres.§  The  portion  of  surf  ace, 
which  intervenes  between  the  rugosities  above  and  this 
tnanc/ular  rough  space  below,  is  smooth,  and  gives  origin 
Sks^hole  length  to  a  muscle.|l    The  mec  ullary  fora- 
men sometimes  appears  on  the  middle  of  this  surface, 
sometimes  on  the  oblique  line,  entering  the  bone  obhquely 

^''•^iTlVis  necessary  to  inform  the  student,  that  this 
account  of  the  shaft  of  the  hbula  differs  essentially  from 
the  description  given  by  previous  anatomists  i  have 
desf-riVxid  the  interosseous  ridge  as  one  of  the  three  prin- 
cipal lines  of  the  fibula,  considering  the  surfaces  between 
which  it  runs  as  separate  aspects  of  the  bone.  Gruveiihier, 
Cloquet,  and  other  authorities,  break  tlie  interosseous 
line  into  two  parts— a  lower,  which  they  take  together 

•  p(;ronf;U3  longuH  ati'l  brfvi.s. 
t  TibialiH  poHti-rUH.  X  Out,.r  hoa.l  of  Holnus 

5  Iater09S.jouH  ligam..i.t  of  tlio  inferior  libio-fibular  articulation. 
II  Fl'jxor  loiigiis  i)ollicis. 
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with  the  oblique  hue  to  form  the  internal  border  of  the 
bone,  and  an  upper,  to  which  the  name  of  intero°seou8 
hne  i«  exclusively  applied.    The  surfaces  lying  on  efther 

smjacc.    i  his  IS  in  my  opinion  an  arbitrary  and  unphy- 
siological  method,  calculated  to   convey  an  erroneous 
notion  of  the  muscular  relations  of  the  bone;  for  the 
surfaces  separated  by  the  interosseous  line,  and  by  those 
writers  included  under  a  common  name,  lie,  in  the  recent 
subject,  on  opposite  sides  of  the  interosseous  membrane— 
occuiDy  different  regions  of  the  limb-and  attach  antaao- 
nist  sets  of  muscles  ;  that  which  is  in  front  of  the  mem- 
brane giving  origin  only  to  extensors,  that  which  is  behind 
It  exclusively  to  flexors*    By  the  method  which  I  have 
proposed,  this  anomalous  combination  of  surfaces  is 
avoided,  and  the  interosseous  ridge,  assuming  its  proper 
importance  as  a  regional  boundary,  is  recognised  as  a 
continuous  hue,  and  described  in  its  whole  length  under 
a  single  name.    If  it  should  be  objected  that  the  surfaces 
sepajrated  by  the  oblique  line,  and  described  by  me  as 
subdivisions  of  the  internal  aspect,  differ  in  direction  far 
more  than  the  surfaces  included  by  other  writers  under 
a  common  name,  the  reply  is  obvious.     The  surfaces 
which  I  combine  both  lie  behind  the  interosseous  mem- 
brane, bnth  belong  to  the  posterior  region  of  the  leo-  and 
both  attach  muscles  of  the  flexor  set.    They  are  anafo'o-ous 
in  all  essential  jDoints,  and  their  difference  in  direction 
IS  merely  an  incidental  circumstance  occasioned  by  the 
prominence  of  the  oblique  ridge,  the  obvious  desicrn  of 
which  is  to  increase  the  extent  of  surface  for  muscular 
attachment  (as  may  be  inferred  from  the  fact,  that  the 
oblique  ridge  e.xtends  only  over  so  much  of  the  internal 
aspect  as  gives  attachment  to  two  muscles— disappearino- 
below  where  only  one  muscle  takes  rise).  ° 
340.  SmucTUEE.    The  medullary  canal  of  the  fibula  is 

*  Bourgcry  Las  been  so  far  misled  by  tbis  error,  that  bo  says— 
"Cbaeuu  des  trois  angles  (i/it  perotie)  doune  attiicbe  par  sou  som- 
mi't  aux  apon(5vroses  de  separation  qui  limitent  les  trois  groupes 
musculaires  de  la  jarabe."— yJjmtoHijV  df  rHomme.  torn.  i.  p.  112 
This  statement,  taken  in  connexion  with  bis  description  of  the  in- 
ternal border  of  the  fibula,  would  imply  that  the  tibialis  posticus 
belonged  to  the  same  group  of  muscles  as  the  extensor  proprius 
poUicis,  extensor  communis  digitorum,  and  peroneus  tertius,— a 
combination  altogether  preposterous,  and  certainly  never  intended 
by  the  philosophical  anatomist  here  cited. 
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ven,"  narrow  and  irregular,  and  extends  only  throucrli  the 
middle  third  of  the  shaft.  The  areolar  tissue  of  the  ex- 
tremities, and  especially  of  the  malleolus  externus,  is  un- 
usually strong,  its  fibres  being  very  thick,  and  the  cellular 
intervals  small  in  proportion.  This  compactness  of  struc- 
ture, which  is  observed  also  in  the  malleolus  of  the  tibia, 
may  account  for  the  infrequency  of  fracture  of  the  ankles, 
notwithstanding  their  prominence,  and  consequent  expo- 
sure to  concussion.  Devi  Lopment.  By  three  points ;  one  for 
the  body;  one  for  the  lower,  and  one  for  the  upper  extremity. 
The  first  appears  in  the  seventh  week  of  foetal  life ;  the 
second  about  two  years,  and  the  third  five  years,  after  bii-th. 
The  ossific  union  of  these  pieces  is  complete  at  a  period 
varv'ing  from  twenty-one  to  twenty-five  years  after  birth. 
Articulations.  With  the  tibia  above;  with  the  tibia  and 
astragalus  below. 

OF  TFIE  PATELLA. 

•341 .  The  patella  is  a  small  flat  bone,  of  triangular  form 
with  rounded  angles,  thicker  above  than  below,  and  situ- 
ated vertically,  base  upward,  in  front  of  the  knee-joint. 
It  presents  for  examination  two  surfaces,  two  lateral 
horders,  a  base,  and  an  apex. 

342.  Surfaces.  Anterior.  Convex,  and  marked  with 
longitudinal  stris,  between  which  appear  many  small 
ellipsoid  foramina  for  nutrient  vessels.  This  surface  is 
covered  in  the  recent  subject  with  tendinous  fibres,*  which 
adhere  closely  to  it,  and  occasion  its  striated  appearance. 
In  the  recent  subject  it  may  be  felt  beneath  the  skin,  from 
which  it  is  only  separated  by  the  superficial  fascia,  and  by 
a  large  synovial  bursa.  Posterior.  This  aspect  presents 
a  smooth  surface,  of  oval  form,  with  the  long  diameter 
transverse,  covered  in  the  recent  subject  with  cartilage, 
for  articulation  with  the  trochlea  of  the  femur,  to  the 
nndulations  of  which  it  exactly  corresponds.  It  presents 
two  lateral  concavities  separated  by  a  vertical  rounded 
ridge.  The  elevation  fits  the  trochlear  groove  of  the  femur 
and  the  lateral  concavities  correspond  to  the  two  condyles. 
As  the  external  condyle  is  larger  and  more  prominent 
than  its  fellow,  ho  is  the  external  depression  of  the  patella 
more  extensive  and  deeper  than  the  internal.  Below  this 
surface  there  i.s  a  narrow,  convex,  non-articular  space, 
perforated  by  several  nutrient  foramina,  and  directed 


*  Of  the  quafJricops  exV-UHor. 
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obliquely  downward  and  backward  towards  the  head  of 
the  tibia,  from  which  it  is  separated  in  the  recent  sub- 
ject by  arlipose  tissue.  The  lower  part  of  this  surface 
assists  in  giving  attachment  to  a  ligament.* 

343.  Lathha-L  BORDEiiS.     Thin  curved  borders,  each 
giving  attachment  to  a  ligament  and  part  of  a  tendon.f 

344.  Base.  Thick,  and  cut  obliquely  at  the  expense  of 
the  anterior  aspect,  so  as  to  present  a  rough  broad  margin, 
directed  upward  and  forward,  for  the  attachment  of  a 
strong  tendon. I 

345.  Apex.  Thin,  and  directed  downward  for  the  attach- 
ment of  a  sti-ong  ligament. § 

846.  Stuuctuee.  Of  light  cancellous  tissue,  covered 
by  a  thin  compact  layer,  which  presents  in  front  a  remark- 
able striated  or  fibrous  appearance,  as  we  have  already  had 
occasion  to  observe.  Development.  The  ossification  of 
the  patella  commences  in  the  end  of  the  first,  or  beginning 
of  the  second  year  after  birth;  but  is  not  complete  till  the 
age  of  twelve.  It  proceeds,  with  rare  exceptions  (of  which 
Eudolph  has  recorded  an  example),  from  a  single  central 
point.    Articulation.    With  the  femur  only. 

MECHANISM  OF  THE  LEG. 

Under  this  head  we  have  to  consider  the  osseous  struc- 
ture of  the  knee,  and  of  the  two  tibio-fibular  articalations. 
Our  remarks  on  the  ankle-joint  will  follow  the  descrip- 
tion of  the -foot.  •  •  .  •  .1 

347.  The  knee-joint,  which  is  the  largest  joint  in  the 
body,  is  formed  by  the  articulation  of  the  femur  with  the 
tibia  below,  and  with  its  appendage,  the  patella,  m  front. 
It  belongs  to  the  class  of  ginglymoid,  or  hmge-jomts  ;  its 
motions  being  confined  to  fle,«on  and  extension  m  a  single 
plane,  with  the  addition  of  a  very  limited  rotatory  move- 
ment when  the  leg  is  bent  so  as  to  relax  the  ligaments. 

*  Lignmentimi  patollie. 

t  The  wtrrnal  lateral  border  gives  attachment  to  the  internal 
lateral  liJameut  of  the  patella,  and  to  that  portion  of  t^he  comm.m 
fxteusortendon  which  is  derived  from  the  vastus  u,tenn>S|  the 
e™°  lateral  border  gives  nttachnu.jt  to  the  ^--P-^ 
ment  and  tendon  of  the  enter  side.  (The  «^''™  ''S"'^™^^  "^^^^^^^^^ 
patella  have  been  overlooked  by  many  anatomists.  _  They  are  ^^cU 
described  by  Boiirgery,  Aimtomic  ,1,-  I  Ilomm,;  torn.  i.  p.  l.s.; 
t  Of  the  quadriceps  extensor. 

5  Ligamentnm  patella:,  or  infrn-paU-llar  poH!,ms  of  the  cvleusor 
tendon— as  it  might  with  more  propriety  bo  called. 
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The  ginglymoid  motions  have  a  range  of  about  140"^,  ex- 
tension being  arrested  when  the  bones  are  in  a  right  line 
^rith  each  other;  flexion,  when  they  form  an  angle  of 
about  40".  Neither  these,  however,  nor  the  rotatory 
movements  of  the  knee,  are  checked  by  the  encounter  of 
the  bones.  Their  limitation  depends  on  the  oblong  form 
of  the  condyles,  the  curvature  of  the  articular  surfaces, 
and  the  disposition  of  the  ligaments  which  bind  them  to 
the  tibia.  The  subjoined  diagram  represents  the  antero- 
posterior curvature  of  the  external  condyle  (taken  from  the 


bone  itself,  and  transferred  at  once  to  the  engraver's 
block,  by  the  employment  of  a  strip  of  lead,  in  the 
manner  described  at  page  lo8,  stqjra).  The  portion  a  b, 
belonging  to  the  back  of  the  condyle,  coincid-es  exactly 
with  the  segment  a  b  of  the  circle  a  b  cl.  The  remaining 
portion  b  c,  which  includes  the  inferior  and  trochlear 
a.spects  of  the  condyle,  approximates  closely  to  the  figure 
of  the  elliptical  curve  h  'j  h.  The  curvature  of  the  internal 
condyle  i.s  similar  to  that  of  the  c.vternal,  but  on  a  smaller 
scale,  and  lesH  regularly  elliptical  in  front.* 
Now,  such  being  the  shape  of  the  condyles,  it  is  obvious 


•  The  radii  of  the  posterior  cnrvcs  of  llio  intf^mal  an'l  oxleiTial 
con'lyle  are  respectively  five-eiglitlis  and  six-oigbtliH  of  an  inch 
loug,  in  arerage-.siz'-d  tliigli-bones. 
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tliat,  in  order  to  the  performance  of  a  hinge-like  motion 
of  the  joint,  one  of  two  actions  must  take  place.  Either 
the  anterior  extremities  of  the  condyles  must  descmd  into 
the  articular  cavities  of  the  tibia,  while  their  posterior 
extremities  me;  or,  on  the  other  hand,  their  'posterior 
extremities  must  descend  (turning  on  the  centre  of  the 
circular  curve  a,  h),  while  their  anterior  extremities  rise. 
In  order,  therefore,  to  prevent  extension  beyond  a  right 
line,  at  the  same  time  that  a  free  range  of  flexion  is  per- 
mitted, it  is  only  necessary  to  attach  the  ligaments  at  or 
hehviul  the  point/,  so  that  they  may  ^^ermit  the  ascent  of 
the  anterior  ends  of  the  condyles,  and  jjrevent  that  of 
their  posterior  extremities.  And,  without  entering  into 
a  description  of  the  ligaments,  with  which  we  are  not  at 
present  concerned,  we  may  state  in  general  terms,  that 
their  disi^osition  and  points  of  attachment  are  in  strict 
accordance  with  this  principle.* 

Rotation  of  the  knee-joint  is  impossible  during  exten- 
sion of  the  leg;  first,  because  in  that  position  the 
oblong  lower  surface  of  the  condyles  of  the  femur  fit 
closely  to  the  oval  cavities  formed  by  the  tibia  and  semi- 
lunar cartilages  for  their  reception  ;  and  secondly,  because 
the  principal  ligaments  of  the  joint  are,  during  extension, 
put  upon  the  stretch,  so  as  to  oppose  gliding  motions  in 
any  direction.  But  rotatory  movements  become  possible 
when  the  joint  is  flexed,  because,  in  that  posture,  exactly 
opposite  conditions  prevail.  The  ligaments  at  the  back 
of  the  joint  are  relaxed;  and  the  rounded  hinder  ex- 
tremities of  the  condyles,  coming  into  cavities  of  an 
oblong  form,  are  susceptible  of  a  gliding  movement  back- 
ward and  forward  within  them.  Under  these  circum- 
stances, rotation  may  be  performed  in  either  of  three 
different  modes  : — The  internal  condyle  may  act  as  a 
pivot,  while  the  external  glides  backward  and  forward  in 
the  corresponding  cavity  of  the  tibia  ;  or,  vice  versa,  the 
external  condyle  may  be  the  fixed  point,  while  the  internal 
is  set  in  motion  ;  or,  lastly,  both  condyles  may  move 
too-ether,  the  one  advancing  while  the  other  recedes. 


*  The  posterior  crucial  lig.anient  prosnnts  tlie  ouly  exception  to 
tliis  general  rule,  its  anterior  fibres  being  ntlnched  to  the  very 
front  of  the  iuter-contlyloid  notch.  These  fibres,  however,  are  so 
obliquely  placed,  and  so'  long,  tliat  they  .are  ouly  tightened  ni  full 
fle.xion,  and  can  therefore  have  no  effect  in  preveutmg  the  com- 
mencemeul  of  that  uioliou. 
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(The  simultaneous  advance  or  retreat  of  both  condyles  is 
prevented  by  a  strong  pair  of  ligaments,*  lodged  in  the 
inter-oondvloid  notch).  Tlie  natural  movements  of  rota- 
tion, produced  by  muscular  action,  are  of  the  first  kmd  ; 
the  external  condyle  moving  backward  and  forward,  while 
the  internal  is  comparatively  (though  not  perhaps  abso- 
lutthi)  fixed.  (We  have  here  described  rotation  as  per- 
formed by  the  condyles  of  the  femur  on  the  tuberosities 
of  the  tibia :  it  will  be  understood,  of  course,  that  the 
corresponding  movements  may  be  executed  by  the  latter 
on  the  former). 

348.  The  relative  position  of  the  patella,  which  we  have 
next  to  consider,  is  not  affected  by  rotation  ;  but,  in  the 
ginglymoid  motions  of  the  joint,  the  condyles  of  the 
femur  glide  over  its  posterior  surface,  bringing  succes- 
sively into  contact  -with  it  every  point  of  their  elliptical 
portion — from  the  summit  of  the  trochlear  groove,  which 
touches  it  in  extension,  back  to  the  hindmost  points  of 
the  flattened  under- surfaces,  which  reach  it  in  extreme 
flexion.  In  very  strong  extension,  indeed,  when  the  liga- 
mentum  patellae  is  stretched  to  its  full  length,  the  patella 
rises  half  its  diameter  above  the  trochlea.  It  is  pi-evented, 
during  the  natural  actions  of  the  joint,  from  moving 
laterally,  by  the  elevated  borders  of  the  trochlear  groove, 
of  which  the  external  is  the  more  prominent.  When  the 
extensor  muscles  are  relaxed,  however,  the  patella  yields 
readily  to  external  force,  and  may  be  pushed  aside  in 
either' direction  (but  further  inward  than  outward)  from 
its  median  pcsition  on  the  trochlea.  The  uses  of  the 
patella,  as  a  protection  to  the  knee,  are  obvious.  It  de- 
fends it  from  violence  in  the  manner  of  a  shield;  and 
di.stribute.s,  over  a  considerable  extent  of  surface,  pressure 
which  would  otherwise  be  accumulated  on  the  prominent 
extremities  of  the  condyles. 

■j-i'J.  The  influence  of  the  patella  in  regulating  the 
action  of  the  extensor  muscles  is  a  very  remarkable 
feature  in  the  mechanism  of  the  knee-joint,  and  one  which 
ha.H  never,  I  think,  been  thoroughly  studied  and  explained. 
It  ha.H,  indeed,  been  stated  that  the  patella  furnishes  the 
extensors  with  a  longer  leverage  than  they  would  other- 
wise possess,  and  the  observation  is  correct  so  far  as  it 
goes ;  but  it  falls  short  of  the  truth.    The  patella  does 


•  Th'j  crucial  ligameuts. 
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more  than  this.  It  causes  the  extensors  to  act  on  the 
tibia  with  a  leverage  which  varies  constantly  during  the 
passage  of  the  limb  from  flexion  to  extension,  or  the  re- 
verse ;  adapting  them  to  furnish  force  and  velocitij  in  the 
exact  proportion  at  each  instant  required.  This  function 
depends  upon  an  advancing  and  receding  movement  of 
the  patella,  which  is  well  understood  by  anatomists, 
though  its  purpose  appears  to  have  escaped  their  notice. 
In  extension,  the  patella  is  thrust  forward  by  the  promi- 
nent extremities  of  the  condyles,  so  that  the  infra-patellar 
portion  of  the  extensor  tendon  (or  ligamentum  'pateUcB, 
as  it  is  called)  slopes  forward  from  its  tibial  insertion,  at 
an  angle  of  from  twenty  to  twenty-five  degrees  with  the 
vertical  axis  of  the  tibia.  "Whereas,  in  flexion,  the  flat- 
tened under-surfaces  of  the  condyles  are  presented  for- 
ward, and  the  patella  falls  back  into  the  space  previously 
occupied  by  their  anterior  extremities  ;  so  that,  when  the 
joint  is  half  bent,  the  ligamentum  patella3  becomes 
parallel  to  the  axis  of  the  tibia,  and,  in  extreme  flexion, 
even  inclines  backward  from  the  point  at  which  it  acts 
on  that  bone. 

These  three  positions  of  the  patella,  and  of  the  mfra- 
patellar  portion  of  the  extensor  tendon,  are  shown  in  the 
annexed  diagram,  in  which  A  represents  the  tibia,  B  the 
femur,  C  the  patella,  and  D  the  ligamentum  patella;,  in 
the  posture  of  full  extension.  D  is  inclined_  forward  at 
an  angle  of  twenty-five  degrees,  from  the  vertical  axis  a  a 
of  the  tibia.  B',  C,  and  D',  respectively  represent  the 
femur,  patella,  and  ligamentum  patella;,  m  demi-flexion 
of  the  ioint ;  and  here  D'  is  parallel  to  the  axis  of  the 
tibia  B",  C",  and  D".  represent  the  same  parts  as  they 
appear  in  full  flexion— the  patella  sunk  between  the  con- 
dyles and  the  ligamentum  patella;  sloping  obhquely 
baclcward  at  an  angle  of  about  twenty  degrees  from  the 
vertical  line. 

In  the  first  of  these  positions,  the  extensor  muscles 
acquire  force  at  the  expense  of  velocity.  As  the  patella 
recedes  into  the  third  position,  the  extensors  act  more  and 
more  obliquely  on  the  tibia;  and  an  increasing  proportion 
of  their  force  is  exchanged  for  velocity. 

The  use  of  this  progressive  conversion  may  easily,  1 
think,  be  perceived.  In  the  posture  of  full  extension,  the 
muscles  attached  to  the  patella  are  employed,  not  to  sot 
the  tibia  in  motion,  but,  on  the  contrary,  to  keep  it  hrmly 
lUed  in  a  position  already  assumed.    This  is  an  action 
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with  which  velocity  is  incompatible  by  its  very  nature  : 
force  being  the  only  condition  which  can  possibly  be  re- 


quired. But  when  the  muscles  are  employed  to  restoi-e 
the  limb  from  the  posti;re  of  flexion  to  the  rectilinear  at- 
titude, the  case  is  changed ;  motion  to  the  extent  of  140° 
has  now  to  be  communicated  to  the  tibia,  force  ceases  to 
be  the  sole  requisite,  and  a  certain  amount  of  velocity 
becomes  indispensable.  To  these  varying  necessities  of 
the  limb,  the  shifting  leverage  of  the  patella  exactly 
corresponds ;  lengthening  when  force  alone  is  required, 
shortening  when  there  is  also  occasion  for  velocity.  Nor 
is  the  gradual  transition  from  one  kind  of  leverage  to  the 
other  without  its  use.  It  distributes  the  velocity  of  ex- 
tension in  such  a  manner,  that  the  motion  is  swifter  at 
its  commencement  than  to%vards  its  close ;  so  that  the 
strain  on  the  ligaments  which  finally  arrest  the  action  is 
moderated,  while  the  average  speed  of  motion  remains 
the  same.  It  also  gives  the  extensors  considerable  pur- 
chase on  the  tibia  a  little  before  it  has  readied  full  (-xten- 
sion,  enabling  them  to  keep  the  limb  very  firmly  stiffened, 
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even  in  attitudes  of  slight  flexion.  My  view,  then,  of  the 
■whole  matter  may  be  shortly  exj^ressed  in  the  following 
terms  : — 

The  shifting  leverage  of  the  patella  enables  the  ex- 
tensors to  move  the  leg  into  required  positions  with 
sufficient  velocity,  and  to  fix  it  in  them  with  adequate 
force. 

350.  The  fibro-cartilages  of  the  knee-joint  serve  to 
deepen  the  cavities  of  the  tibia,  and,  by  promoting  longi- 
tudinal elasticity,  to  distribute  the  force  of  concussion. 
Other  uses  have  been  attributed  to  them ;  but  their  func- 
tions, as  well  as  those  of  the  Ugaments  of  the  knee,  are 
still,  for  want  of  an  exact  method  of  analysis,  imperfectly 
understood.  Some  hitherto  unobserved  points  in  their 
anatomy  and  mechanical  construction  will  form  the  sub- 
ject of  a  separate  paper. 

351.  The  rank  and  function  of  the  tibia,  as  the  prmci- 
pal  bone  of  its  region,  and  the  main  supporter  of  the 
thi"h,  are  clearly  indicated  by  its  relative  bulk  and  posi- 
tion. The  slender  shaft  of  the  fibula  serves  merely  as  an 
accessory  column,  furnishing  some  additional  support  to 
its  outer  tuberosity,  and  extending  the  surface  for  muscu- 
lar insertion.  To  this  latter  purpose,  the  interosseous 
membrane,  that  stretches  between  the  two  bones,  is  also 

subservient.  .  .    „,   ,  ■,  ^-      ■  n 

352  The  superior  tibio-fibular  articulation  is  a  small 
arthrodial  joint,  of  the  simplest  kind,  capable  only  of 
obscure  gliding  motions.  The  inferior  tibio-fibular  articu- 
lation is  analogous  in  its  structure  to  the  amphi-arthrodial 
joints  •  the  opposed  surfaces  being  separated,  and  at  the 
same  time  firmly  connected,  by  an  intervening  plane  of 
short  strong  ligamentous  fibres.  This  joint  is  rendered 
almost  immovable  by  the  reception  of  the  lower  end  of 
the  fibula  into  a  triangular  excavation  ot  the  tibia. 
These  tibio-fibular  articulations,  indeed,  have  no  such 
rotatory  movements  to  execute  as  are  performed  by  the 
cnrreSDonding  joints  of  the  fore-arm  ;  and  their  e.xistence 
wobably  depends  rather  on  the  tendency  of  Nature  to 
the  preservation  of  a  uniform  type  in  the  construction 
of  analogous  parts,  than  on  any  mechanical  advantage 
thence  resulting  to  the  limb.  They  are  evidently  be 
dwindled  vestiges  of  a  superior  organization -rathtr 
exempUfying  a  pre-existent  law,  than  fulhllmg  a  present 
function. 
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OF  THE  FOOT. 

353.  The  foot,  or  terminal  division  of  the  lower  ex- 
tremity, represents  an  elliptical  arch,  resting  at  each 
extremity  on  the  ground,  and  supporting,  at  right  angles 
to  its  convex  aspect,  the  column  of  the  leg  and  thigh.  It 
is  composed  of  twenty-seven  bones,  united  by  thirty-two 
articalations,  and  arranged  in  three  divisions,  called  the 
tarsus,  metatarsus,  and  phalanges.  These  divisions  corre- 
spond to  the  three  regions  of  the  hand,  and,  like  them, 
are  distinguished  by  well-marked  peculiarities  of  size, 
form,  and  mechanical  structure.  Thus,  each  division  of 
the  foot  is  shorter  and  wider  than  its  predecessor  ; — their 
relative  length  being  in  round  numbers  as  9,  6,  and  4 ; 
their  comparative  width  as  11,  13,  and  16.  Again,  the 
tarsus  consists  of  cuboid  bones,  articulated  to  each  other 
by  arthrodial  or  gliding  joints  ;  the  metatarsus,  of  long 
bones,  articulated  to  each  other  and  to  the  tarsus  by 
arthrodial  joints ;  while  the  'phalanges,  which  are  also 
long  bones,  articulate  with  each  other  and  with  the 
metatarsus  by  ginglymoid  or  lunge  joints.  Before,  how- 
ever, we  can  understand  the  mechanism  of  these  regions, 
or  perceive  their  analogies  to  the  corresjoonding  divisions 
of  the  hand,  it  is  necessaiy  to  take  them  to  pieces,  and 
to  study,  one  by  one,  the  several  bones  of  which  they  are 
composed.  To  this  minute  e.Kamination  we  shall  imme- 
diately proceed,  premising  only,  in  general  terms,  that  as 
mobility  is  the  distinctive  quality  of  the  hand,  so  strength 
is  the  predominating  character  of  the  foot ;  while  elas- 
ticity belongs  in  an  equal  degree  to  both.  Hence  the 
breadth  of  the  hand,  the  great  length  of  the  fingers  in 
comparison  to  the  carpus  and  metacarpus,  and  the  free 
divergence  of  the  thumb.  Hence,  on  the  contrary,  the 
narrow  elongated  form  of  the  foot,  its  diminutive  pha- 
langes, and  the  mas.sive  structure  of  the  tarsus.  Hence, 
la.stly,  in  both  these  organs,  the  multiplicity  of  joints,  the 
angular  disposition  of  the  bones,  and  the  obliquity  of 
their  articulating  surfaces. 

OF  THE  TAR-SUS. 

B-yt.  The  tarsus  consists  of  seven  bonoa,  viz.,  the  cal- 
caneum  or  oa  calcis,  the  astragalus,  the  cuboid  bone, 
the  scaphoid  or  navicular  bone,  and  the  three  cuneiform 
bones,  internal,  external,  and  middle.    In  this  enuniera- 
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tion  the  tarsal  bones  are  arranged  in  the  order  of  their 
size,  from  the  calcaneum,  which  is  the  lartfest,  dovm 
to  the  middle  cuneiform,  which  is  the  smallest  of  the 
series. 

355.  The  tarsus  is  not  susceptible,  hke  the  carpus,  of  a 
transverse  division  into  two  rows ;  for  its  inner  border 
presents  three  bones  placed  one  before  the  other,  its  outer 
border  only  two.  But  the  tarsal  bones  may  be  naturally 
and  conveniently  classified  by  the  longitudinal  method  of 
division,  suggpsted  in  a  former  part  of  this  work  (284 — 5). 
Considered,  indeed,  with  refei-ence  to  its  mechanical  con- 
struction, tbe  tarsus  at  once  separates  itself  into  two 
lateral  portions ;  an  external,  remarkable  for  solid  ity  and 
strength ;  an  internal,  characterized  chiefly  by  its  elas- 
ticity. The  external  division  consists  of  two  bones,  viz., 
the  calcaneum  behind,  the  cuboid  in  front.  The  internal 
division  comiDrises  the  remaining  five  bones,  arranged  ia 
the  following  order  ; — the  astragalus  behind,  in  front  of 
that  the  scaphoid  bone,  and  foremost  of  all,  the  three 
cuneiform  bones  ranged  side  by  side.  These  bones  we 
shall  at  once  proceed  to  describe;  reserving  for  the  sequel 
our  observations  on  the  construction  and  mechanism  of 
the  tarsus. 

OF  THE  TARSAL  BONES  IN  GENERAL. 

356.  The  bones  of  the  tarsus  present  gi-eater  diversities 
of  size  and  form,  and  fewer  common  characters,  than 
those  of  the  carpus.  Each,  however,  has  six  sixrfaces, 
articular  where  they  come  into  contact  with  neighbouring 
bones,  elsewhere  rough  for  the  attachment  of  ligaments  ; 
each  is  formed  of  light,  elastic,  cancellous  tissue,  en- 
closed in  a  thin  compact  layer ;  and  each  is  developed  by 
a.  single  ossitic  centre,  with  the  exception  only  of  the  cal- 
caneum, which  has  an  additional  point  at  its  posterior 
extremity.  The  develoj^ment  of  the  tarsal  bones  takes 
place  in  the  following  order : — The  central  point  of  the 
calcaneum  appears  in  the  fifth  month  of  foetal  life  ;  that 
of  the  astragalus,  a  month  later  ;  those  of  the  remaining 
bones  appear  successively  at  various  periods  during  the 
first  four  years  after  birth.  The  secondary  ossific  pomt 
of  the  calcaneum  does  not  make  its  appearance  till  from 
eight  to  ten  years  after  birth. 
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OUTER  DIVISION. 

357.  This  division  consists  of  two  bones, — tlie  calcaneum 
or  OS  calcis,  and  the  cuboid  hone. 

358.  Calcaneum,  or  os  calcis.  This  is  the  largest  bone 
of  the  foot.  It  is  of  an  elongated  form,  transversely  flat- 
tened, and  larger  at  its  posterior  extremity,  which  projects 
backward  to  form  the  strong  lever  of  the  heel,  than  at  its 
anterior  extremity,  which  is  called  the  greater  process  of 
the  calcaneum — in  contradistinction  to  a  small  apophysis, 
situated  on  the  inner  side  of  the  bone,  and  called  its 
lesser  process.  The  calcaneum  is  placed  obliquely  in  the 
tarsns,  so  as  to  touch  the  ground  only  at  its  posterior  end. 
Su  RFACES.  Superior.  Presents  in  the  middle  two  articular 
surfaces ;  an  external  and  larger  sitiiated  on  the  body  of 
the  bone;  an  infernaZ,  which  is  also  somewhat  anterior, 
snpported  by  the  lesser  process.  Both  these  surfaces  are 
of  oblong  form,  with  their  long  diameters  inclined  obliquely 
outward  and  forward  ;  both  are  plane  transversely ;  and 
both  are  directed  upward  and  forward  to  articulate  with 
corresponding  surfaces  of  the  astragalus.  The  external 
is  widnr  behiad  than  before,  and  longitudinally  convex ; 
the  internal,  on  the  contrary,  is  longitudinally  concave. 
The.se  surfaces  are  separated  by  an  oblique  groove,  running 
from  behind  forward  and  outward,  and  rough  for  the 
attachment  of  a  ligament.*  Before  the  larger  surface 
appears  the  rough  upper  aspect  of  the  greater  process, 
presenting  an  irregiilar  depression  (continuous  with  the 
oblique  groove),  for  the  attachment  of  several  ligaments,t 
and  a  muscle  -^X  hehind  it  is  the  upper  aspect  of  that  part 
of  the  OS  calcis  which  projects  backward  to  form  the  heel — 
a  na.rrow  surface,  convex  transversely,  concave  longitu- 
dinally, and  corresponding,  in  the  recent  subject,  to  a 
mass  of  adipose  tissue  that  lies  in  front  of  the  great  tendon 
of  the  heel.  Inferior.  A  narrow  surface,  convex  trans- 
versely, and  considerably  wider  behind  than  before. 
Posteriorly,  it  presents  two  tubercles,  separated  by  a 


*  Int';ro8.Hr;ou.s  astr.if^alo-calcanoan. 
1-  Th':   anferior-<;xt<;mal  fibrus  of   the  iuterosHoons  astragalo- 
caloirK-an  ligam';nt;  also  the  superior  calcaneo-scaphoid,  aud  the 
raurijal  calcaneo-culxiid  ligarn<Tit«. 

t  ExU'iisor  brevis  digitorum. 
U  2 
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rough  depression;  anteriorly,  a  single  tuherde,  and,  in 
front  of  it,  a  little  transverse  groove.  Of  the  posterior 
tubercles,  the  external,  small  and  rounded,  gives  attach- 
ment to  a  muscle  ;*  the  internal  and  larger  attaches  two 
muscles,t  and  presents,  first,  a  broad  inferior  surface,  for 
the  support  of  the  heel ;  secondly,  a  prominent  inner 
border,  which,  by  its  lateral  projection,  deepens  the  coa- 
cavity  of  the  internal  surface.  I'rom  the  depression  be- 
tween these  tubercles,  a  long  ligament  tabes  rise  ;  another, 
shorter  and  less  superficial,  is  attached  to  the  anterior 
tubercle  ;  and  a  third  set  of  fibres,  shortest  and  deepest 
of  all,  is  implanted  into  the  depression  in  front  of  the 
anterior  tubercle.J  The  striated  surface  between  the 
anterior  and  posterior  tubercles  gives  origin  to  muscular 
fibres. §  External.  This  surface  presents,  near  its  centre, 
a  prominent  tubercle  for  the  attachment  of  a  ligament.|| 
Behind  this  tubercle  is  a  wide,  even  surface,  giving  attach- 
ment at  its  upper  and  anterior  part  to  a  small  hgament  ;^ 
before  it  is  a  narrower  surface,  belonging  to  the  greater 
process,  and  presenting  two  obUque  grooves,  separated  by 
a  tubercular  ridge.  The  grooves,  which  run  downward 
and  forward,  transmit  two  tendons  ;**  the  intervening 
ridge  gives  attachment  to  an  aponeurotic  slip.ft  Internal. 
This  surface  is  surmounted,  in  front,  by  the  lesser  process, 
and  elevated,  at  its  posterior-inferior  corner,  by  the 
lateral  projection  of  the  large  tubercle  of  the  heel. 
Traced  diagonally  from  one  eminence  to  the  other,  it 
presents  a  concavity  of  considerable  depth ;  in  the 
opposite  sense  it  is  convex.  Its  concavity  represents  a 
wide  groove,  directed  obliquely  downward  and  forward, 
for  the  transmission  of  nerves,  vessels  and  tendons, |J  to 
the  sole  of  the  foot.    The  line  of  junction  between  this 


*  Abductor  minimi  digiti. 
t  Adductor  brevia  poUicis,  and  flexor  brevis  digitonim.  (The 
former  arises  ou  the  inner  side  of  the  latter,  from  the  prominent 
internal  margin  of  the  tubei'cle.) 

t  These  ligaments  are  called  by  Meckel  the  superfioi.'il,  middle, 
and  deep  layers  of  the  calcaueo-cuboid  ligament.  U'lie  first  is  com- 
monly called  the  long  plantar — the  second  and  third  together,  the 
short  plantar  ligament. 

§  Of  the  flexor  accessorius,  and  flexor  brevis  digitorum. 
II  Middle  external  lateral.         If  External  astragalo-calcanean. 
**  The  superior  groove  transmits  the  tendon  of  the  peroucus 
brevis  ;  the  inferior,  that  of  the  peroueus  lougus. 

tt  A  slip  of  the  exteru.al  annular  ligament. 
tt  Plantar  nerves  and  vessels,  and  flexor  tendons. 
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and  the  inferior  surface  gives  origin  to  a  muscle.*  The 
LESstK  PROCESS  is  a  curved  plate  of  bone,  projecting 
horizontally  inward  from  the  anterior-superior  jjart  of 
this  surface  :  above,  it  suppoi'ts  the  astragalus  by  an 
oval  concave  articular  surface,  already  described;  below, 
it  is  convex,  and  channelled  longitudinally  by  a  deep 
groove  (sometimes  double)  for  the  transmission  of  two 
tendons. +  The  circumference  of  this  apophysis  is  con- 
tinuous externally  with  the  body  of  the  boue,  elsewhere 
free  and  rough  for  the  attachment  of  ligaments. 
Posterior.  Wider  below  than  above,  and  divided  into 
two  parts — an  inferior,  convex,  and  rough  for  the  attach- 
ment of  a  tendon  ;§  a  superior,  less  extensive,  flat,  and  in 
the  recent  subject  covered  with  a  thin  layer  of  cartilage, 
and  a  synovial  bursa,  over  which  the  tendon  plays. 
Anterior.  A  smooth,  sinuously  curved  surface,  of 
irregularly  trianjiular  form,  corresponding  to  the 
posterior  surface  of  the  cuboid  bone.  Its  inner  side  is 
surmounted  by  a  little  horizontal  prominence  which,  in 
the  articulated  tarsus,  meets  a  corresponding  prolonga- 
tion of  the  cuboid,  the  two  processes  mutually  embracing 
each  other.  Traced  from  the  tip  of  this  process  downward 
and  outward,  the  surface  is  concave  in  the  greater  part 
of  its  extent,  convex  for  a  small  space  below.  In  the 
o]-jposite  direction  it  is  plane,  except  at  the  base  of  the 
httle  overhanging  prominence,  where  it  is  transversely 
convex.  This  surface  forms  the  anterior  aspect  of  the 
GKEATEE  PROCESS.  The  Superior,  inferior,  and  lateral 
aspiects  of  this  process  are  continuous  with  the  corre- 
sponding surfaces  of  the  rest  of  the  bone,  and  their  de- 
scription has  been  included  in  the  foregoing  account.  The 
only  surface,  indeed,  on  which  the  longitudinal  extent  of 
the  greater  process  is  definitely  marked,  is  the  superior  ; 
where  it  is  hmited  behind  by  the  convex  articular  surface 
for  the  astragalus. 
o-j'J.  Cuboid  bone.    This  bone  forms  a  continuous  line 


•  Flfixor  accft.ssoriiis. 

t  Flftxor  lontnis  poll iois,  and  fl(;xor  communis  digitorum.  (When 
ther<;  are  two  groovct,  tlie  latter  tendon  runs  in  that  which  is  in- 
tf.rrin].  fir  neare-tt  the  tip  of  the  proce.s.s.) 

J  The  .superficial  layer  of  the  internal  lateral  ligament,  the  in- 
ferior, caleaneo-scaphoid  ligament,  and  some  astragalo-caleauean 
fibres. 

5  That  of  the  gastrocnemius,  called  the  tmdo-Achillis. 
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with  the  calcaneum,  in  front  of  which  it  is  placed.   In  ! 
shape  and  position  it  resembles  a  truncated  pyramid,  ( 
with  its  base  turned  upward  and  inward,  its  a])ex  in  the  i 
opposite  direction.    The  former  aspect  contains  at  least  i 
four  times  the  superficial  extent  of  the  latter;  whence  lie  i 
shape  and  obliquity  of  the  other  surfaces  may  be  infeiTed.  t 
The  comparison  to  a  cube,  implied  in  the  name  of  this  '  I 
bone,  is  therefore  inappropriate ;  it  might  be  more  aptly  i 
termed  the  pyramidal  bone,  in  contradistinction  to  its  i 
cimeiform  ox  wedge-shafed  neighbours.    SaRrACEs— /S?t^e-  i 
rior,  or  dorsal.   An  uneven  surface  directed  obliquely  up- 
ward and  outward,  and  presenting  several  rough  liga- 
mentous impressions.*    Its  inner  is  longer  than  its  outer 
horder,  the  former  dividing  it  from  the  base,  the  latter 
fi-om  the  truncated  apex  of  the  pyramid  which  the  bone 
represents.    Inferior,  or  plantar.    This  surface  is  more 
extensive,  especially  along  its  internal  border,  than  the 
superior.   It  looks  downward  and  inward,  and  is  traversed 
by  a  smooth  groove,  which  runs  from  without  obliquely 
inward  and  forward,  for  the  transmission  of  a  tendon.f 
This  groove  is  bounded  posteriorly  by  a  i-idge,  the  promi- 
nent outer  extremity  of  which  (called  the  tuberosity  of  the 
cuboid)  presents  a  convex  cartilaginous  facet,  for  articula- 
tion with  the  sesamoid  bone  of  the  tendon  that  lies  in  the 
groove.    The  ridge,  and  the  surface  behind  it,  are  rough 
for  the  attachment  of  ligaments, J  and  tendinous  fibres. § 
The  anterior  lip  of  the  groove,  and  the  whole  inner  margin 
of  the  surface,  also  give  attachment  to  ligaments. ||  Pos- 
terior. _  A  smooth  triangular  surface,  directed  backward 
and  a  little  outward,  for  articulation  with  the  surface  of 
the  OS  calcis,  to  the  sinuosities  of  which  it  is  conversely 
adapted.    Its  inner  corner  is  somewhat  prolonged  back- 
ward beneath  the  little  horizontal  process  of  the  calca- 


*  For  the  attacliment  of  dorsal  ligaments,  exteudiag  from  this 
bone  backward  to  thfi  calcaneum,  inward  to  the  scaplioid  and  ex- 
ternal cuneifonn  bones,  forward  to  tlie  fourth  and  fifth  metatarsal 
bones.  t  That  of  the  peroueus  lougus. 

t  The  ridge  itself  attaches  the  long  plantar,  the  surface  liehind 
it  the  short  jilantar  ligament. 

§  Fibres  of  the  abductor  pollicis,  and  of  the  flexor  brevis  minimi 
digiti. 

\\  The  anterior  lip  of  the  groove  to  plaular  ligaments  extending 
from  the  cuboid  to  the  two  Last  nn^tatarsnl  bones ;  the  internal 
margin  of  the  surface  to  bands  passing  from  the  cuboid  to  the  sca- 
phoid and  external  cuneiform  bones. 
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neum,  around  the  base  of  which  it  turns. '  This  mntual 
overlapping  of  the  two  bones  is  so  arranged  as  to  permit 
the  descent  of  the  cuboid  on  the  calcaneum,  but  to  oppose 
its  motion  outward  or  upward.  Aiiteriur.  An  articular 
surface,  of  irregularly  triangular  form,  directed  obliquely 
forward  and  outward,  and  divided  by  a  vertical  line  into 
two  facets  ;  aa  infernal,  quadrilateral,  concave  from  above 
downward,  and  articulated  to  the  fourth  metatarsal  bone; 
an  trxfKniid,  rather  larger,  of  triangular  form,  slightly 
concave,  and  articulated  to  the  tilth  metatarsal  bone. 
InternaL  This  surface,  forming  the  base  of  the  pyramid 
represented  by  the  cuboid,  is  directed  inward,  upward, 
and  a  little  forward.  It  presents,  at  its  middle  and 
upper  part,  a  small  cartilaginous  surface  for  ai-ticulation 
with  the  erternal  cuneiform  bone ;  and  behind  this,  occa- 
sional! v.  another  smaller  facet  for  articulation  with  the 
scaphoid.  In  the  rest  of  its  extent,  it  is  rough  for  the 
attachment  of  two  interosseous  ligaments.*  External. 
A  narrow  surface,  directed  outward  and  downward,  and 
presenting  the  commencement  of  the  groove  and  ridge 
that  traverse  the  inferior  surface. 

rS'yEK  DIVISION. 

360.  This  division  comprises  the  astragalus,  the  sca- 
phoid, and  the  three  cuneiform  bones. 

361.  Astragalus.  The  largest  bone  of  the  inner  divi- 
sion, and  next  to  the  calcaneum,  of  the  whole  foot.  It 
occupies  the  middle  and  upper  part  of  the  tarsus,  resting 
on  the  calcaneum  below,  supporting  the  tibia  above,  and 
articulating  laterally  with  the  two  malleoli.  It  presents 
in  front  a  smooth  convexity,  called  the  liead,  which  is 
joined  to  the  body  of  the  bone  by  a  consti-icted  portion 
called  the  neck.  Surfaces.  Suforior.  Presents,  at  its 
posterior  part,  a  large,  smooth,  trochlear  snrface,f  wider 
before  than  behind,  convex  longitudinally,  slightly  con- 
cave from  side  to  side,  and  articulating  with  the  tibia.  In 
front  of  this  appears  the  uf)per  aspect  of  the  neck,  pre- 
.senting  a  rough  depression  for  the  attachment  of  liga- 
ments.;^   In/eru/r.    Presents  two  ariicidar  surfaces,  a 


•  Ca>X)-cnnf;iforrn  and  cubo-scaplioid. 
t  That  of  th<!  pcrotJi'iiM  lonf^iiH. 
t  AstraE(alo-3o;tph'.ifi,  and  auUirior  fibros  of  tlio  superficial  layer 
of  the  tibio-tarsal  ligarnout. 
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larger  and  a  smaller,  separated  by  a  deep  groove,  wliict 
runs  trom  the  inner  and  posterior  corner  of  the  bone 
obliquely  forward  and  outward,  becoming  wider  and 
deeper  as  it  advances.    This  groove  corresponds  to  a 
simiiar  one  m  the  calcaneum,  (358)  forming  with  it,  when 
the  bones  are  united,  a  canal  for  the  lodgment  and  inser- 
tion of  a  strong  interosseous  ligament  *    Of  the  articular 
surfaces,  the  larger  is  external  and  posterior  to  the 
smaller,  which  is  nearly  equal  to  it  in  length,  though 
little  more  than  half  as  wide.    Both  these  surfaces  are 
directed  downward  and  backward,  and  both  are  of  an 
oblong  form,  with  their  long  diameters  extending  forward 
and  outward,  parallel  to  each  other,  and  to  the  interven- 
ing groove.    The  larger  is  wider  behind  than  before,  con- 
cave 111  the  direction  of  its  long  diameter,  plane  in  the 
opposite  sense,  and  articulated  to  the  corresponding  sur- 
face on  the  body  of  the  calcaneum.    The  smaller  is  of 
elongated  oval  figure,  convex  longitudinally,  and  plane  in 
the  opposite  direction.    It  articulates,  behind  with  the 
lesser  process  of  the  calcaneum,  and  in  front  with  a  strong 
ligamentf  that  stretches  beneath  it  from  the  calcaneum 
to  the  sca]3hoid  bone.    (The  portion  of  this  surface  which 
articulates  with  bone,  is  sometimes  separated  from  that 
which  rests  upon  ligament,  by  a  constriction,  or  transverse 
groove,  dividing  this  aspect  into  two  facets.)  Internal. 
Presents  at  its  upper  part  a  small,  slightly  concave, 
articular  surface  of  oblong  form,  continuous  above  with  the 
trochlear  surface,  and  covered  in  the  recent  subject  with 
a_  prolongation  of  the  same  cartilage.    This  surface  is 
directed  inward,  upward,  and  a  little  backward,  to  articu- 
late with  a  corresponding  surface  on  the  internal  malleo- 
lus.   Below  it  there  is  a  rough  excavation  for  the  attach- 
ment of  a  strong  ligament.^    External.    Presents  in  the 
middle  a  triangular  articular  surface,  larger  than  the 
internal,  and,  like  it,  continuous  above  with  the  trochlear 
surface,  and  encrusted  with  a  j^i'olongation  of  the  same 
cartilage.    It  is  concave  from  above  downward  ;  slightly 
convex  in  the  opposite  sense,  at  its  lower  part ;  and 
directed  a  little  upward  and  backward,  as  well  as  out- 
ward, to  articulate  with  the  external  malleolus.  Below 
and  behind  this  surface  are  some  rough  Hgamentons 


*  Calcaiieo-astragaloid.  t  Inferior  calcaneo-scajiboid. 
1  Deep  layer  of  the  iuteriial  lateral,  or  tibio-tai'sal  ligament. 
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impressions.*  In  front  of  it  appears  the  narrow  outer  border 
of  the  neck,  also  rough  for  the  attachment  of  a  liganient.f 
Fogferior.  A  surface  of  small  extent,  traversed  by  a 
groove  which  runs  obliquely  downward  and  inward,  and 
ser%-es  for  the  transmission  of  a  tendon.  J  Anterior.  A 
convex  surface  of  oval  form,  somewhat  broader  at  its  outer 
than  at  its  inner  extremity,  and  obliquely  placed,  so  that 
its  long  diameter  runs  inward  and  downward.  It  forms 
the  head  of  the  astragalus,  and  is  received  into  the 
cavitv  of  the  scaphoid  bone,  which,  however,  it  somewhat 
exceeds  in  length.  The  inner  extremity  of  this  surface  is 
separated  from  the  corresponding  extremity  of  the  under 
surface  by  a  triangular  space,  covered  with  cartilage,  and 
directed  obhquely  downward  and  inward  to  meet  the 
inner  fibres  of  a  strong  ligament  on  which  it  plays. § 

362.  Scaphoid,  or  Navictjlakbone.  A  bone  of  oval  form, 
presenting  articular  surfaces  before  and  behind,  sepai-ated 
by  a  narrow,  roughened  circumference.  Slightly  curved 
in  the  liirection  of  its  length,  excavated  posteriorly,  and 
more  pointed  at  its  inner  than  at  its  outer  extremity,  it 
certainly  bears  sufficient  resemblance  to  a  shallow  boat, 
to  justify  the  comparison  implied  in  its  name.  Some- 
what thicker  above  than  below,  it  is  interposed,  like  a 
wedge,  between  tbe  astragalus  and  the  cuneiform  bones ; 
resting  against  the  oblong  head  of  the  former,  and  pre- 
senting a  corresponding  inclination  of  its  long  axis  down- 
ward and  inward.  SoRF.iCKs.  Posterior.  An  oval,  con- 
cave, articular  surface,  broader  externally  than  internally, 
and  somewhat  shorter  than  the  head  of  the  astragalus, 
which  it  therefore  imperfectly  receives.  Anterior.  An 
oblong  surface,  less  regularly  oval  than  the  posterior,  pre- 
senting from  side  to  side  a  general  convexity,  divided  by 
two  ridges  into  three  articular /nce^s.  Of  these  the  inner- 
moat  and  largest  is  convex,  wider  below  than  above,  and 
articulated  to  the  internal  cuneiform  bone  ;  the  middle, 
second  in  extent,  and  distinctly  triangular  in  form,  is 
wider  above  than  below,  and  sinuously  ciirved  for  articu- 
lation with  the  middle  cuneiform ;  while  the  outermost 
and  .smallest  of  the  three,  wider  above  than  below,  and 


*  For  the.  fjosterior  'lirision  of  tho  extunial  lateral  ligament,  and 
Borne  external  calcan<-o-a.straf<aloi(l  fibres. 

f  Ant^irior  'livision  of  tin;  oxlcnial  latcml  ligamout. 
t  That  of  tlio  fl<:Xor  lorifrim  pollieis. 
§  Inferior  calcanco-scaphoitl  ligamont. 
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slightly  concave,  corresponds  to  the  external  cuneiform 
bone.  Superior.  Dh-ected  obliquely  upward  and  inward 
convex  transversely,  and  rough  for  the  attachment  of 
ligaments.*  Inferior.  Narrower  than  the  superior,  and 
hke  it,  rough  for  the  attachment  of  hgaments.f  Internal. 
This  end  of  the  bone  forms  a  tubercular  prolongation, 
du-ected  downward  and  inward,  and  caUed  the  t  uherositii 
of  the  scaphoid  bone.  It  gives  attachment  to  a  tendon.t 
and  to  part  of  two  ligaments. §  External.  This  surface- 
is  rough  for  the  insertion  of  a  ligament,||  and  sometunes 
presents  a  small  facet  for  articulation  with  the  cuboid 
bone,  to  the  inner  surface  of  which  it  is  opposed. 

363.  CuNEiroiiM  bones.  Three  wedge-shaped  bones, 
placed  side  by  side  at  the  anterior  and  internal  part  of 
the  tarsus,  with  the  scaphoid  behind  them,  the  meta- 
tarsus in  front,  and  the  cuboid  bone  on  their  outer  side. 
They  are  distinguished,  numerically,  as  first,  second,  and 
third,  counting  from  within  outwards  ;  or,  more  commonly, 
as  internal,  middle,  and  external.  Each  presents  six 
aspects,  corresponding  respectively  to  the  base,  the  cutting 
edge,  the  two  quadrilateral  inclined  surfaces,  and  the  two 
triangular  parallel  surfaces,  of  a  wedge.  They  are  all 
placed  somewhat  obliquely,  extending  a  little  outward  as 
well  as  forward  from  the  front  of  the  scaphoid.  This 
inclination  differs  from  that  of  the  neck  of  the  astragalus 
on  one  hand,  and  from  that  of  the  metatarsal  bones  on 
the  other,  giving  to  the  inner  division  of  the  tarsus  a 
double  curvature,  which  constitutes,  as  we  shall  presently 
find,  a  very  important  feature  in  its  mechanical  con- 
struction. 

364.  Internal  cuneiform  bone.  This  bone  is  the 
largest  of  the  three,  and  the  only  one  among  them  that 


•  Dorsal  ligaments,  radiating  from  the  scaphoid  to  the  other  six 
tarsal  bones. 

t  The  inferior  calcaneo-scaphoid  ligament ;  also,  strong  plantar 
ligaments,  extending  from  the  scaphoid  to  the  cuboid,  and  to  the 
internal  cuneifonn  bone  ;  and  some  irregular  fibres,  passing  from 
the  scaphoid  to  the  middle  and  exterual  cuneifonn  bones. 

%  That  of  the  tibialis  posticus. 

§  Viz. — first,  a  strong  baud  extending  backward  from  this 
tubercle  to  the  lesser  process  of  tlie  calcaueum,  and  belonging  to 
the  inferior  calcaneo-scaphoid  ligament;  and,  secondly,  some 
strong  fibres  running  forward  to  the  iuternal  cuneiform  boue,  and 
belonging  to  the  plautar  scaplio-cuueifonn  lig.ament. 

II  Interosseous  cubo-scaphoid. 
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has  its  base  tamed  downward.  Moreover,  it  descends 
considerably  below  its  fellows,  to  a  level  witb  the  tube- 
rosity of  the  scaphoid,  with  which  it  forms  a  thick 
marginal  prominence,  running  along  the  inner  side  of 
the  tarsus,  and  deepening  the  transverse  concavity  of  its 
plantar  aspect.  Sl'rfaces.  Posterior.  A  triangular,  con- 
cave surface,  wider  below  than  above,  and  articulated 
with  the  innermost  and  largest  of  the  three  anterior 
facets  of  the  scaphoid.  Anterior.  A  semilunar  surface, 
broader  above  than  below,  and  articulated  to  the  first 
metatarsal  bone.  It  is  curiously  twisted,  so  as  to  look 
somewhat  more  inward  above  than  below.  Superior. 
A  mere  edge,  tirrned  upward  and  outward,  representing 
the  sharp  border  of  the  wedge,  and  giving  attachment  to 
ligamentous  fibres.*  Inferior.  We  have  already  had  oc- 
casion to  notice  this  aspect,  which  presents  itself  on  the 
plantar  surface  of  the  foot,  as  a  thick  tubercular  ridge, 
often  called  the  tuberosity  of  the  internal  cimeiform  bone. 
It  attaches  several  ligaments,t  gives  insertion  to  two 
muscles, j  and  origin  to  a  thircl.§  Internal.  A  broad, 
quadrilateral,  slightly  convex  surface,  directed  obliquely 
upward  and  inward,  presenting  at  its  anterior-inferior 
comer  a  smooth  facet,  over  which  a  tendon||  turns,  else- 
where rough  for  the  attachment  of  Hgaments.^  External. 
This  aspect  is  skirted  by  a  narrow  articular  surface,  con- 
sisting of  a  horizontal  and  vertical  portion,  the  former 
running  along  its  upper,  the  latter  along  its  posterior 
margin.  The  anterior  corner  of  this  articular  surface  is 
divided  by  a  vertical  ridge  from  its  posterior  portion,  so 
&S,  to  form  a  little  concave  facet  which  meets  the  inner 
side  of  the  second  metatarsal  bone.  The  remainder  of 
the  surface,  also  slightly  concave,  and  continuous  behind 
with  the  posterior  surface  of  the  bone,  articulates  with  the 
mid'lles  cimeiform.    Beneath  this  articular  surface  there 


•  Belonging  to  the  dorsal  scapho-cuneiform,  and  dorsal  inter- 
(rnn'iiforrn  ligaments. 

f  The  wt'-r  h\i\ii  of  the  tuberosity  attaclies  a  ligament  passing  to 
the  second  metatarsal  bone,  and  anotlier  ext'-nding  to  tlio  middle 
cuneiform  txine.  Its  OfU)i-r  .side  (or  the  infi  rior  surfaoo  of  the  bone, 
prof.erly  so  called)  ai.ta';hes  plantar  liganx'ntH  [ms.sing  backwiiid  to 
the  scaphoid,  and  forward  to  the  first  metatarsal  bone. 

{  Tibialis  anticiis,  and  a  slip  of  t,h<'  libi:ilis  pustiens. 

§  Fl'-xor  brevis  [Killicis.  II  That  of  the  tibialis  aiitioiis. 

*f  fJor.sal  ligament.",  extending  from  this  bono  to  the  scaphoid, 
middle  cuaeiform,  and  first  metatarsal  bono. 


soo 
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IS  a  rough  space,  the  upper  part  of  which  is  opposed  to  t 
the  middle  cuneiform  bone,  and  attaches  an  interosseous 

ligament  ;*  while  its  lower  portion  projects  into  the  plantar  p 

region,  forming  the  inner  side  of  the  tuberosity,  and  1 
attaching  plantar  ligaments,  in  the  manner  already 

described.  j, 

365.  Middle  cuneiform  bone.    This,  the  smalle.st  of  it 

the  three  cuneiform  bones,  is  of  very  regular  wedge-hke  t 

form,  but  a  little  wider  behind  than  before.    It  is  in-  ii 

serted  between  its  fellows,  with  its  base  upward,  in  the  i 

manner  of  a  keystone.   But,  by  reason  of  its  inferior  size,  t 

it  fills  up  only  a  part  of  the  interval  between  the  external  } 

and  internal  cuneiform  bones,  leaving  a  wide  empty  space  o 

in  fi-ont,   and  another,   much  narrower,  below.     The  { 

anterior  recess  lodges  the  extremity  of  the  second  nieta-  I 

tarsal  bone  ;  the  narrow  interval  below  it  is  occupied  t 

merely_  by  a  few  plantar  ligamentous  fibres.    Surfaces.  f 

Posterior.     A  triangular  articular  surface,  alternately  1 

concave   and  convex,   corresponding  to  the  sinuously  [ 

curved  triangular  facet  on  the  middle  of  the  scaphoid  ? 

bone.    Anterior.    A  triangular  sinuous  surface,  some-  [ 

what  narrower  than  the  posterior,  and  directed  forward  I 

and  outward  to  articulate  with  the  extremity  of  the  a 

second  metatarsal  bone.     Internal.    Quadrilateral,  and  ( 

skirted  along  its  superior  and  posterior  borders  by  a  j 

shghtly  convex  cartilaginous  surface,  which  presents  a  s 

horizontal  and  a  vertical  jjortion,  in  exact  correspondence  ( 

with  the  marginal  surface  on  the  outer  aspect  of  the  in-  , 

ternal  cuneiform,  {-'itii)  with  which  it  articulates.    Below  , 

this  articular  surface  is  a  rough  depression  for  the  inser-  j 

tion  of  a  ligament.f    External.    This  surface  presents,  i 

posteriorly,  a  smooth  facet,  concave  from  above  down-  f 

ward,  and  plane  in  the  opposite  direction,  for  articulation  t 

vsdth  the  external  cuneiform  bone.    In  front  of  this  is  a  , 

narrow,  rough  space,  for  the  insertion  of  a  Ugament.J  J 

Superior.    A  quadrilateral  surface,  somewhat  wider  be-  j 

hind  than  before,  forming  the  base  of  the  bone,  and  rough  j 
for  the  attachment  of  ligaments. §    Inferior.    A  narrow, 


*  IntercuneifoiTa. 
t  Interosseous  ligament  between  this  bone  and  the  internal  cunei- 
form. 

J  luterosseous  lig.ament  oxteudiug  from  this  bone  to  the  external 
cuneiform. 

§  Dors.il  ligaments  passing  to  the  four  adjacent  bones. 
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tubercular  aspect,  almost  concealed  by  tbe  internal  and 
external  cuneiform  bones,  wkich  project  below  it  into  the 
plantar  region,  approaching  each  other  as  they  descend. 
It  gives  attachment  to  a  hgament.* 

'366.  External  cunku^okm  bone.  Intermediate  in  size 
between  the  other  two,  and  placed  like  the  second  with 
its  base  upward,  this  bone  occupies  a  very  central  posi- 
tion in  the  tarsus.  Thus,  it  has  two  cuneiform  bones  to 
its  inner  side,  the  cuboid  bone  (which  about  equals  them 
in  bulk)  to  its  outer  side,  and  the  middle  bone  of  the 
metatarsus  in  front.  And,  as  the  second  metatarsal  bone 
projects  backward  into  the  tarsus,  so,  on  the  other  hand, 
does  this  bone,  exceeding  the  cuboid  and  middle  cunei- 
form in  length,  jut  forward  between  the  second  and  fourth 
bones  of  the  metatarsus ;  by  which  alternate  projection 
the  tarsus  and  metatarsus  are  firmly  interlocked,  and 
secured  from  lateral  displacement.  Surfaces.  Posterior. 
This  surface  presents  a  small,  slightly  convex  facet, 
broader  above  than  below,  and  directed  backward  and  in- 
ward to  articulate  with  the  external  facet  of  the  scaphoid 
bone.  Below  this  is  a  Little  rough  space,  to  which  some 
ligamentous  fibres  are  attached.f  Anterior.  Triangular, 
and  slightly  concave,  for  articulation  with  the  third  meta- 
tarsal bone  Internal.  A  quadrilateral  surface,  present- 
ing two  articular  facets  ;  a  smaller,  sitiiated  at  its  anterior- 
superior  corner,  and  articulating  with  the  outer  side  of 
the  second  metatarsal  Ijone  ;  a  larger,  running  along  its 
posterior  margin, — prolonged,  and  sUghtly  convex,  in  the 
vertical  direction  —  narrow  and  plane  transversely, — 
directed  inward,  upward,  and  a  little  forward,  to  articu- 
late with  the  middle  cuneiform  bone.  Between  these 
facets  is  a  rough  depression,  for  the  attachment  of  a  liga- 
ment.;^ External.  This  surface,  like  the  last  described, 
presents  two  articular  facets ;  a  smaller,  situated  at  its 
anterior-superior  comer,  and  articulating  with  the  inner 
side  of  the  fourth  metatarsal  bone ;  a  larger,  also  pos- 
terior, wider  above  than  below,  .slightly  concave,  and 


*  A  short,  strong,  ligamentous  band,  extending  obliquely  back- 
ward and  inward  from  this  surface  to  the  outer  .side  (jf  the  tube- 
rosity of  the  int^.-mal  cuneiform  bone.  (.Snrai:  anatomists  consider 
this  to  b';  part  of  the  interosseous  ligament  between  the  intei-nal 
and  middle  cuneiform  b'jnes.) 

t  .\  few  fibres  running  txickwardand  outward  to  the  cuboid  liono. 

X  Interosseous  ligament  between  this  and  the  middle  eum^ifonn 
bone. 
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directed  obliquely  outward,  backward,  and  downward,  to 
articulate  with  the  cuboid.  The  intervening  space  is 
rough,  and  excavated  for  the  attachment  of  an  interos- 
8eous_  ligament.*  The  cuboidal  articular  surface  just 
described  is  an  independent  facet,  having  a  cartilage 
proper  to  itself.  But  the  little  metatarsal'  facet  in  front 
of  it,  and  the  similar  metatarsal  facet  of  the  internal 
aspect,  are  continuous  with  the  anterior  surface  of  the 
bone,  and  covered  with  a  prolongation  of  the  same  carti- 
lage._  The  surface  which  articulates  with  the  adjacent 
cuneiform,  and  the  posterior  or  scaphoidal  surface,  are  in 
like  manner  continuous  with  each  other — as  indeed  are 
the  corresponding  surfaces  of  all  the  cuneiform  bones. 
(The  reason  of  this  continuity  is,  as  we  shall  presently 
have  occasion  to  explain,  that  the  scapho-cuneiform  and 
inter-cuneiform  articulations  are  all  lined  in  the  recent 
subject,  by  a  common  synovial  membrane,  presenting 
but  a  single  cavity.)  Superior.  A  c^uadrilateral  surface, 
representing  the  base  of  the  wedge,  directed  upward  and 
outward,  and  rough  for  the  attachment  of  ligaments.f 
Inferior.  This  aspect  appears  in  the  plantar  region  as  a 
tubercular  ridge  descending  lower  than  the  second  cunei- 
form bone,  but  not  so  low  as  the  first.  It  is  directed 
downward  and  inward,  and  gives  attachment  to  several 
ligaments, J  to  a  tendinous  sli2D,§  and  occasionally  to  a  few 
muscular  fibres.  || 

OF  THE  TAKSUS  IN  GENERAL. 

367.  The  seven  bones  that  have  now  been  described 
compose  a  region  of  elongated  form,  narrow  and  free 
behind,  where  it  rests  upon  the  ground,  gradually  widen- 
ing towards  its  anterior  extremity,  which  is  supported  by 
the  metatarsus.  This  region,  which  forms  of  itself  the 
posterior  moiety  of  the  vault  of  the  foot,  presents  a  longi- 
tudinal and  a  transverse  curvature ;  so  that  it  is  con  vex 


*  Cubo-cuuoLform. 
t  Dorsal  ligaments  passing  heuce,  in  all  directions,  to  the  con- 
tiguous bones. 

t  Plantar  ligaments  extending  to  tlie  cuboid  and  interunl  cunei- 
form bones,  also  a  strong  fasciculus,  passing  triiusvcrsely  to  the 
fifth  metatarsal  bone,  and  some  fibres  running  forward  to  the  third 
metatarsal  bone. 

5  From  the  tendon  of  the  tibialis  posticus. 
II  Of  the  flexor  poUicis  brevis. 
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in  both  directions  above,  and  concave  in  botb  directions 
belosv.  It  is  also  twisted,  so  to  speak,  upon  itself,  iu  such 
a  manner  that  its  posterior  half  is  most  extensive  in  the 
vertical  dimension,  and  consists  of  bones  piled  one  upon 
the  other  ;  while  its  anterior  half,  on  the  contrary,  is  most 
extensive  transversely,  and  consists  of  bones  ranged  side 
bv  side.  Hence,  each  of  the  four  principal  aspects  of  the 
tarsus — viz.  its  superior,  inferior,  and  two  lateral  aspects 
— presents  a  surfac-i  at  one  end,  narrowing  to  a  border  at 
the  other.  Thus,  the  superior  aspect  presents,  in  front, 
an  expanded  convex  surface,  foi-med  by  the  scajahoid, 
cuboid,  and  three  cuneiform  bones  ;  behind  this  appears 
the  comparatively  narrow  trochlea  of  the  astragalus ; 
and.  still  further  backward,  the  upper  border  of  the  pro- 
jecting lever  of  the  heel.  So,  too,  the  inferior  view  pre- 
sents in  front,  the  wide  excavated  under-surl'ace  of  the 
anterior  group  of  bones ;  and,  behind,  only  the  narrow 
lower  aspect  of  the  lever  of  calcaneum.  Again,  the 
inner  aspect  presents,  in  front,  a  border  formed  by  the 
tuberosity  of  the  internal  cuneiform  and  scaphoid  bones, 
and  by  the  neck  of  the  astragalus  ;  and,  behind,  an  ex- 
panded surface  formed  by  the  inner  side  of  the  body  of 
the  a.stragalus,  and  by  so  much  of  the  coiTespondiiig  as- 
pect of  the  calcaneum  as  hes  behind  its  lesser  process.  In 
like  manner,  the  outer  aspect  presents,  in  front,  a  border 
formed  by  the  narrow  outer  side  of  the  cuboid  bone,  and 
greater  process  of  the  calcaneum ;  and,  behind,  an  ex- 
tensive surface  formed  by  the  bodies  of  the  astragalus 
and  calcaneum.  Of  these  aspects  the  inferior  is  remark- 
able for  its  irregular  tubercular  appearance.  Thus,  it 
presents,  po.steriorly,  the  three  tubercles  of  the  calca- 
neum ;  in  front  of  these,  the  oblique  ridge  of  the  cuboid, 
and  the  tubercular  lower  border  of  the  external  cunei- 
form bone  ;  while  further  inward,  appear  the  tuberosities 
of  the  internal  cuneiform  and  scaphoid  bones,  which 
thongh  they  appear  on  the  lateral  aspect  of  the  tarsus, 
project  downwards  also  into  the  plantar  region,  so  as 
to  form  a  thick  ridge  along  its  inner  margin.  This  sur- 
face al.so  presents  the  two  principal  tendinous  grooves  of 
the  tarrsu.s,  one  (sometimes  double)  on  the  lesser  process 
of  the  calcaneum,  the  other  on  the  cuboid  bone.  The 
former  i.s  continuou.s  behind  with  the  oblique  gro(;ve  on 
the  fiosterior  extremity  of  the  astragalus  ;  (IJiil )  the  latter 
lea'J.s  externally  to  the  inferior  of  the  two  oblique  grooves 
on  the  outer  surface  of  the  calcaneum.  (o-W)    The  dorsmn, 
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of  the  tarsus  is  comparatively  smooth  and  level.  It 
presents,  posteriorly,  the  trochlea  of  the  astragalus  (the 
centre  of  which  surface  corresponds  with  the  point  of 
junction  between  the  posterior  two-tifths  and  the  anterior 
three-fifths  of  this  aspect).  In  front,  and  a  little  to  the 
outer  side  of  this  articular  eminence,  appears  an  excava- 
tion of  considerable  size  and  depth,  which  may  be  called 
the  dorsal  fossa  of  the  tarsus  (in  contradistinction  to  its 
plantar  excavation).  This  fossa  is  bounded,  hcdow,  by  the 
greater  process  of  the  calcaneum  ;  lehind,  by  the  body  of 
the  astragalus  ;  and  above  and  on  the  inner  side,  by  the 
neck  of  the  astragalus,  which  arches  over  it  obliquely 
forward  and  inward.  In  front  and  externally  it  is  open. 
It  lodges  part  of  the  interosseous  ligament  that  connects 
the  astragalus  and  calcaneum ;  it  also  gives  attachment 
to  two  other  ligaments,*  and  a  muscle.f  It  is  continuous 
behind  with  the  oblique  canal  formed  by  the  junction  of 
the  grooves  of  the  astragalus  and  calcaneum ;  of  which 
canal,  indeed,  it  may  be  considered  as  the  expanded 
extremity.  Of  the  lateral  aspects  of  the  tarsus,  the 
internal  is  somewhat  convex,  the  external  nearly  flat ; 
each  presents  at  its  upper  and  posterior  part  the  articular 
surface  for  the  corresponding  malleolus.  Below  this  sur- 
face, on  the  outer  side,  appears  the  external  surface  of  the 
body  of  the  calcaneum,  with  its  central  tubercle  for  the 
attachment  of  a  ligament.^  Further  forward  may  be 
observed,  in  succession,  the  two  obliqiie  grooves  of  the 
calcaneum,  with  the  tubercle  which  separates  them, — and 
the  tuberositij  of  the  cuboid,  with  its  smooth  facet  for 
articulation  with  the  sesamoid  bone  of  a  strong  tendon. § 
Below  the  malleolar  surface,  on  the  inner  aspect,  appears  ' 
a  rough  depression  of  the  astragalus ;  and  below  this, 
again,  the  tubercular  extremity  of  the  lesser  process  of 
the  calcaneum  ;  both  attaching  internal  ligaments  of  the 
ankle-joint.  II 

3t)9.  Of  the  extremities  of  the  tarsus,  the  posterior 
presents  only  the  hinder  aspect  of  the  calcaneum,  and 
requires  no  notice  here.    The  anterior,  ou  the  contrary, 


*  Superior  calcaneo-cuboid,  and  external  calcaneo-scaphoid. 
t  Extensor  brevis  digilorum. 
t  Middle  division  of  tlu!  external  lateral  lignmcut  of  the  ankle- 
joint.  §  That  of  the  peroueus  lougiis. 

II  The  astragalus  attaches  the  deep,  the  lesser  ]5rocess  of  the  cal- 
caneum the  superficial  layer,  of  the  internal  lateral  ligament. 
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is  a  very  remarkable  border,  formed  by  the  cuboid  and 
the  three  cuneiform  bones.  It  is  transversely  curved  so 
as  to  present  a  convexity  upward,  and  it  inclines  from 
within  obliquely  outward  and  backward,  so  that  its  inner 
extremity  (formed  by  the  first  cuneiform  bone)  occupies  a 
position  "full  half  an  inch  in  advance  of  its  outer  extremity 
(formed  by  the  cuboid  bone).  It  is  rendered  uneven  by 
the  projection  of  the  internal  and  external  cunerforni 
beyond  the  level  of  the  middle  cuneiform  and  cuboid 
bones.  Of  this  arrangement  we  shall  have  occasion  to 
speak  more  particularly  in  our  description  of  the  meta- 
tarsus, with  which  this  border  articulates. 

lIICHiNISil  OF  TIIE  TAIISUS. 

370.  This  division  of  om-  subject  includes,  first,  a 
description  of  the  tihio-tarsal  or  ankle  joint,  by  which 
the  foot  is  hinged  to  the  leg  ;  and,  secondly,  an  analysis 
of  the  i/i;erfa;-.3('i  joints,  and  of  the  mechanical  arrange- 
ments which  give  elasticity  and  strength,  together  with  a 
considerable  degree  of  mobility,  to  this  region  of  the  foot. 

371.  The  articulation  of  the  ankle  is  a  gimjlumus  or 
liinfje-joint  capable  of  angular  motion  in  the  vertical 
plane,  to  the  extent  of  about  35°.  It  is  effectually 
secured  from  lateral  dislocation  by  the  projection  of 
the  malleoli,  which  descend,  one  on  each  side  of  the 
astragalus,  forming  a  sort  of  box  for  its  reception  ;  so 
that  luxation  on  either  side  is  absolutely  impossible, 
except  in  case  of  fracture  of  the  corresponding  malleolus. 
Another  provision,  tending  to  maintain  the  bones  firmly 
in  their  relative  position,  consists  in  the  shape  and 
adaptation  of  the  opposed  surfaces.  The  trochlea  of  the 
astra'.'alus  presents  a  median  groove,  and  two  lateral 
elevations,  respectively  receiving,  and  received  into,  a 
median  ridge,  and  two  lateral  depressions  on  the  terminal 
surface  of  the  tibia.  In  the  median  position  of  the  foot, 
when  it  rests  horizontally  on  the  ground,  the  astragalus 
receives  the  p^ressure  of  the  tibia  at  right  angles,  and 
none  of  the  ligaments  of  the  ankle-joint  are  put  upon  the 
stretch — a  circumstance  which  may  be  noted  as  one  of 
the  conditions  on  which  the  aptitude  of  man  for  the  erect 
posture  depends.  From  this  rneilian  position  the  foot 
la  raised,  in  flexion,  about  VP  or  15'^  and  depressed, 
in  ext^msion,  Vjetween  2'/-'  and  2^^ ;  the  former  move- 
ment being  checked  by  the  posterior,  and  tlie  latter 
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by  tlie  anterior  ligaments  of  the  joint.  In  flexion,  the 
wide  anterior  extremity  of  the  trochlea,  of  the  astragalus 
is  brought  between  the  two  malleoli,  and  completely  fills 
the  intervening  space  ;  so  that,  in  this  attitude,  no  lateral 
movements  of  the  joint  are  jJossible  :  but  in  extension,  the 
narrow  posterior  extremity  of  the  trochlea  comes  between 
the  malleoli,  only  partially  filling  the  space  bounded  by 
those  processes;  so  that,  in  this  posture,  slight  lateral,  or 
rather  rotatory  movements,  by  which  the  toes  are  pointed 
a  httle  inward  or  outward,  may  be  performed.  And  this 
I  take  to  be  the  true  explanation  of  the  fact  that  the 
trochlea  of  the  astragalus  is  narrower  behiad  than  before, 
— a  fact  of  which  anatomical  writers  have  not  hitherto 
pointed  out  the  meaning.  Cruveilhier  has  evidently  over- 
looked it,  in  asserting,  without  reference  to  any  particular 
position  of  the  foot,  that  lateral  movement  of  the  astra- 
galus necessarily  involves  displacement  or  fracture  of  the 
external  malleolus.  Bourgery  goes  to  the  other  extreme, 
in  attributing  to  the  ankle-joint  movements  of  adduction 
and  abduction,  by  which  the  sole  is  turned  inward  or 
outward.  Each  of  these  movements  would  involve  isartial 
separation  of  the  opjDosed  surfaces ;  so  that  the  tibia  would 
touch  the  astragalus  on  the  inner  side  only,  in  adduction, 
— on  the  outer  side  only,  in  abduction.  I  have  satisfied 
myself,  by  repeated  observation,  that  the  ligaments  permit 
no  such  separation  of  the  bones ;  which,  even  if  possible, 
would  prol3ably  injure  the  joint,  by  causing  an  undue 
accumulation  of  pressure  on  jjarticular  points  of  its 
articular  surfaces. 

The  proximity  of  the  ankle-joint  to  the  heel  is  an 
important  feature  in  the  organization  of  the  hmb.  It 
not  only  determines  the  leverage  of  the  extensors  of  the 
foot,  and  the  proportions  of  velocity  and  force  in  the 
motions  which  they  produce,  but  it  enables  us,  by  simply 
elevating  or  dejjressing  the  knee,  to  modify  the  character 
and  i^roperties  of  the  support  which  the  foot  affords  to 
the  leg.  In  the  former  posture,  when  only  the  anterior 
extremity  of  the  sole  touches  the  ground,  force  is  trans- 
mitted very  indirectly,  and  by  the  intervention  of  a  long 
spring  in  the  tibia  :  in  the  latter  position,  on  the  contrary, 
when"  the  heel  rests  on  the  ground,  a  comparatively 
direct  and  rigid  support  is  aflbrded  to  the  leg.  The  first- 
described  attitude  is  employed  to  distribute  the  tbrce  of 
sudden  covcussion  (that  of  a  jump,  for  example) ;  the 
second  posture  is  assumed  when  the  foot  is  required  to 
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sustain  some  heavy  eontinuovis  pressure  (that  of  fhe 
trunk,  for  iustance,  aiigmented,  as  it  often  is,  by  the 
aJclitiou  of  a  ponderous  burden). 

This  explanation  may  be  confirmed,  and  the  advantage 
of  the  existing  arrangement  iUnstrated,  by  considering 
the  etieot  of  a  different  structure. 

If  the  trochlea  were  situated  at  a  greater  than  its 
actual  distance  from  the  heel— if,  for  example,  the  tibia 
■were  supported  on  the  centre  of  the  pedal  arch— the 
aptitude  of  the  limb  to  sustain  pressure  and  concussion 
would  be  diminished.  Sudden  shocks  on  the  anterior 
extremity  of  the  sole,  being  received  by  a  shorter  spring, 
would  pass  more  abruptly  to  the  leg;  and  continuous 
pressure,  finding  its  way  less  directly  to  the  ground, 
would  strain  more  severely  the  bony  and  ligamentous 
sti-ucture  of  the  foot.  I£  facts  are  required  in  further 
corroboration  of  these  views,  we  may  refer,  on  the  one 
hand,  to  the  violent  concussion  of  the  whole  body, 
occasioned  by  a  fall  upon  the  heel ;  and,  on  the  other, 
to  the  strain  on  the  plantar  ligaments,  resulting  from  an 
attempt  to  support  a  heavy  btu-den  while  the  heel  is 
elevated  from  the  ground. 

o7J..  The  mechanism  of  the  intertarsal  articulations 
may  be  considered  with  reference,  first,  to  mobihty,  and, 
secon'ily,  to  elasticity.  The  astragalo-calcanean,  astra- 
gaio-scaphoid,  and  calcaneo-cuboid  joints,  are  capable  of 
comparatively  extensive  movements,  by  which  the  attitude 
and  direction  of  the  foot  are  visibly  changed.  The  remain- 
ing articulations,  including  the  three  scapho-cuneiform, 
the  two  intercuneiform,  and  the  cubo-cuneiform  joints, 
together  with  the  cubo-scaphoid  (when  it  exists)  are 
suscepitible  only  of  very  limited  movements,  contnbuting 
to  the  sieneral  flexibility  and  elasticity  of  the  tarsus,  but 
prodacmg  no  sensible  alteration  in  its  posture. 

The  seven  last-mentioned  joints  are,  in  the  recent 
snbject,  all  fined  by  a  common  synovial  membrane,  which 
covers  the  front  of  the  scaphoid,  and  the  po.sterior  surfaces 
of  the  three  cuneiform  bones,  sending  prolongations  be- 
tween them,  as  well  as  into  the  cubo-scaphoid  joint  (when 
it  exists),  and  from  thence  into  the  cubo-cuneiibrm.  The 
calcaneo-cnboid  joint  has  a  separate  synovial  membrane ; 
aa  also  has  that  portion  of  the  astragalo-calcanean  jomt 
which  lies  to  the  outer  side  of  the  astrago-calcancan 
oblique  canal.  That  part  of  the  astragalo-calcanean  joint, 
however,  which  lies  on  the  inner  side  of  the  canal,  ia  lined 
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by  a  continuation  of  the  same  synovial  membrane,  whicli 
covers  the  _  surfaces  of  the  astrago-scaphoid  articulation. 
The  two  joints,  indeed,  appear  at  first  sight  to  be  per- 
fectly distinct ;  the  lesser  process  of  the  calcaneum  being 
separated,  in  the  skeleton,  from  the  scaphoid  bone  by  a 
triangular  interval  through  which  part  of  the  articular 
Tinder-surface  of  the  head  of  the  astragalus  appears  in 
the  plantar  region.  In  the  recent  subject,  however,  a 
strong  ligament  stretches  across  the  interval  fi-om  the 
lesser  process  of  the  calcaneum  to  the  scaphoid  bone, 
furnishmg  the  head  of  the  astragalus  with  a  flexible, 
yielding  support,  and  presenting  a  surface  along  which 
the  synovial  membrane  is  reflected  continuously  from 
one  bone  to  the  other.  Thus,  though  there  are  ten  joints 
in  the  tarsus,  there  are  only  four  separate  synovial 
cavities.*  The  shape  and  curvature  of  the  opposed 
surfaces  in  these  joints  having  been  already  described,  I 
shall  proceed  at  once  to  consider  the  direction  and  effect 
of  their  several  movements,  of  which  no  full  and  satis- 
factory account  has  hitherto  been  published. 

373.  The  calcaneum  performs  upon  the  astragalus  a 
movement  of  rotation,  the  axis  of  which  is  the  middle  of 
the  astragalo-calcanean  interos- 
seous ligament.  The  position  of 
this  axis  is  shown  at  a,  in  the 
annexed  diagram.  It  hes  be- 
tween the  body  and  lesser  pro- 
cess of  the  bone,  at  the  junction 
of  the  two  posterior  thirds  with 
the  anterior  thii-d  of  its  length. 
In  rotating  on  this  centre,  the 
body  of  the  calcaneum  advances 
beneath  the  body  of  the  astra- 
galus, while  its  lesser  process 
recedes  beneath  the  neck  of  that 
bone.  The  advance,  however,  is 
more  extensive  than  the  reces- 
sion, because  the  centre  of  mo- 
tion is  further  from  the  middle  of  the  body  than  from 
the  middle  of  the  lesser  process.     Hence  the  relative 


*  Sometimes  the  synovial  cavity  iu  front  of  the  scaphoid  com- 
municates (through  the  cubo-scaphoid  joiut.)  with  that  which  lies 
behind  the  scaphoid,  iu  which  case  the  number  of  separate  sjTiovial 
cavities  in  the  tarsus  is  reduced  to  three. 


MECHANISM  OF  THE  TAESUS. 


309 


position  of  the  neck  of  the  astragalus  and  the  lesser 
process  is  comparatively  little  changed  ;  but  the  body  of 
the  calcaneum  advances  nearly  a  quarter  of  an  inch. 
But,  ao-ain.  as  the  body  of  the  calcaneum  articulates  by  a 
co)u'tf.Aurface  directed  upward  and  forward,  with  a  con- 
cavity on  the  astragalus  having  an  opposite  aspect,  it 
cannot  glide  straight  forward,  as  it  might  upon  a  plane 
snrface  horizontally  disposed,  but  is  compelled  to  descend 
a  Httle  in  advancing.    This  descent  is  from  one-eighth  to 
three-sixteenths  of  an  inch  in  extent.  A  converse  adapta- 
tion of  surfaces  compels  the  lesser  process  to  ascend  a. 
httle  as  it  recedes.  Moreover,  as  the  body  of  the  calcaneum 
advances  by  rotation  on  a  centre  situated  at  its  inner  side, 
its  advance  must  be  accompanied  by  a  motion  of  its 
anterior  extremity  inicard  (and,  of  course,  of  its  postenor 
ertremitv  in  the  opposite  direction). 

The  effect  of  this  compound  movement  of  the  calcaneum 
upon  the  anterior  region  of  the  footis  easily  traced.  Thecal- 
caneum  articulates  in  front  with  the  cuboid  bone,  which 
supports  the  outer  side  of  the  metatarsus  and  phalanges; 
while  the  head  of  the  astragalus  is  connected,  by  the  inter- 
vention of  the  scaphoid  and  cuneiform  bones,  with  the  inner 
side  of  those  regions.  The  effect  of  aclvmicingthehodyoithe 
calcaneum,  while  the  astragalus  remains  fixed  on  the  tibia, 
is  therefore,  to  push  forward  the  outer  side  of  the  foot, 
and  to  point  the  toes  inward.    And  the  effect  of  lowering 
the  body  of  the  calcaneum,  while  the  astragalus  remains 
stationary,  is  to  depress  the  outer  border  of  the  foot,  and 
to  give  the  sole  a  direction  obliciuely  downward  and 
inward.    To  this  latter  effect  the  inward  motion  of  the 
anterior  extremity  of  the  calcaneum  shghtly  contributes. 

The  astragalo-scaphoid  and  calcaneo-cuboid  joints  are 
nearly  on  a'' line  with  each  other,  and  their  motions  are 
always  simultaneously  performed.    They  may,  therefore, 
both   be    examined    at  once,  as 
forming  a  double  articulation,  by 
which  the  anterior  and  posterior 
moieties  of  the  tarsus  are  moveably 
jointed  together.  The  oval,  convex 
head  of  the  astragalus,  and  the 
sinuously  concave  anterior  surface 
of  the  calcaneum,  are  reprcHcuted 
respe'-rtively  at  A  and  B,  m  the  an- 

DPxed  diaoram  (taken,  as  the  student  will  observe,  from 
the  left  foot).    The  concavity  of  the  calcaneum  repre- 
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sents  a  shallow  groove,  running  obliquely  downward  and 
inward,  in  the  direction  h  b,  parallel  to  the  long  diameter 
a  a  ot  the  head  of  the  astragalus.  The  scaphoid  bone 
descends  obhqnely  inward  upon  the  head  of  the  astra- 
galus, in  the  direction  of  its  long  diameter,  a  a.  The 
cuboid  performs  a  parallel  movement  on  the  calcaneum 
—gliding  in  the  du-ection  6  &  of  its  shallow  gi-oove. 
But  the  cuboid  descends  further  than  the  scaphoid; 
whence  it  follows  that  the  latter  bone  executes  a  ro<a- 
tory  movement  on  the  head  of  the  astragalus,  in  ad- 
dition to  its  descent,  or  flexion,  thereon.  Further,  the 
head  of  the  astragalus  being  convex,  inclines  obliquely 
backward  below  its  centre,  so  that  the  scaphoid,  in 
descending  upon  it,  also  recedes  a  little.  The  effect  of  the 
oblique  descent  of  the  scaphoid  bone,  and  of  its  recession, 
IS  to  increase  the  convexity  of  the  antero-posterior  arch 
of  the  foot,  and  to  point  the  toes  inward.  The  rotatory 
motion  occasioned  by  the  cuboid  descending  further  than 
the  scaphoid  bone,  has  for  its  effect  to  depress  the  outer 
and  to  raise  the  inner  border  of  the  foot ;  so  that  the  sole 
is  turned  obliquely  inward. 

When  these  movements  of  the  two  last-described  joints 
are  performed  concurrently  with  those  of  the  astragalo- 
calcanean  articulation,  the  posture  of  the  foot  undergoes 
a  considerable  change.  The  toes  move  inward  from  their 
median  position,  describing  an  arc  of  about  2-5  degrees, 
and  the  outer  border  of  the  foot  is  brought  into  a  plane 
about  an  inch  and  a-half  below  the  level  of  the  inner 
border.  The  opposite  movements  restore  the  foot  to  its 
median  position  ;  and  may  be  continued  further,  so  as  to 
turn  the  toes  and  the  plantar  surface  outward.  This 
action,  however,  is  less  extensive  than  the  former.  The 
outward  range  of  the  toes  does  not  exceed  ten  degrees,  and 
the  elevation  of  the  outer  border  is  small  in  proportion. 

3'/4.  Having  thus  examined  the  more  extensive  motions 
of  the  tarsus,  we  may  next  consider  the  obscure,  but  not 
less  important  movements  upon  which  (so  far  as  the  bones 
are  concerned)  the  primary  and  essential  quality  of  tliis 
region,  viz.,  its  elasticity,  depends.  To  facilitate  this 
analysis,  which  has  not  hitherto  been  attempted  by 
anatomists,  I  have  made  use  of  the  method  previously 
employed  in  determining  the  complicated  motions  of  the 
carpal  bones;  (280)  a  method  which  consists  in  tracing 
the  course  and  distribution  of  concussions  transmitted 
along  each  of  the  five  terminal  columns  of  the  limb. 
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When  we  ali^rht,  in  .iumping,  xipon  the  anterior  ex- 
tremitv  oT  the  pedd  arch,  part  of  the  force  of  impact 
ben^l'  ke  ankle-ioint,  depresses  the  heel,  and  tells  npon 
the  muscles  of  the  calf,  which  yield  to  it  in  the  manner 
of  aTprin..  while  another  portion,  which  increases  as  the 
foot  is  pointed  more  directly  downward  during  the  con- 
ion  msses  longitudinally  through  the  tarsus  to  the 
it^'^Xth  thi^s  latter  portion  that  we  are  at  present 
conc;m  d  ;  and  its  distribution  will  be  readdy  understood 
bv  thT  aiciof  the  subjoined  diagram   which  represents 
he  tarsus  and  the  posterior  part  of  tl- Bietai.ii-sus  as 
seen  from  above.    A  A  is  the  calcaneum,  h  the  cuboid, 
C  C  the  astragalus,  B  the 
scaphoid,  E,  F,  and  G,  the 
internal,  middle,  and  ex- 
ternal cuneiform  bones  ; 
while  the  figures  1,  2,  3, 
4,  5  are  placed  each  upon 
the  metatarsal  bone  of 
-which   it  is   the  nume- 
rical appellation.  The 
arrows  I,  m,  n,  o,  and  p, 
show    the    direction  in 
•which  the  force  arrives  ; 
and  the  smaller  arrows, 
hb,  cc,  d  d,ee.ff,  H,  hh, 
indicate   its  subsequent 
distribution. 

The  three  cuneiform 
bones  (KFG),  run  ob- 
liquely forward  and  out- 
irord' irorn  the  scaphoid 
bone;  v.hile  the  three 
first  metatarsal  bones 
(1,  2,  Z),  which  they  re- 
f5j>ective!y  support,  run 
obliquely  forward  and 
intrard.  Thus  each  cu- 
neiforrri  bone  forins,  with 
the  corresponding  rneta-  .  v     i  i  i. 

tarsal  bone,  an  obtuse  angle  having  its  apex  directed  out- 
ward.  From  this  arrangement  it  results,  that  concussioa 
transmitted  through  the  f.rst  n,etatarsal  to  tlu;  internal 
CTineiforrn  bone,  is  divided  in  the  manner  uulicated  l,y  the 
arrow.H  hh,  a  portion  passing  on  to  the  scaphoid  [JJ), 
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while  the  remainder  tells  obliquely  upon  the  middle  cunei- 
form bone  (F).  A  shock  passing  through  the  second 
metatarsal  bone  (2),  is  divided,  first,  betwfen  the  Se 
and  external  cuneiform  bones  {F  and  G),  as  shown  by  the 
arrows  cc,  and  agam  between  the  scaphoid  and  external 
cuneiform  bones  {D  and  G),  as  represented  by  the  arrows 
dd  in  like  manner  the  force  of  a  blow  upon  the  third 
metatarsal  bone  is  divided,  first  between  the  external 
cuneiform  and  fourth  metatarsal  bones  (G  and  H)  as 
shown  by  the  arrows  ee,  and  again  between  the  scaphoid 
and  cuboid  bones  (D  and  B),  in  the  manner  represented 
by  the  arrows  //.  ' 

Thus,  longitudinal  concussion  of  the  first  three  meta- 
tarsal bones  IS  partially  converted,  in  the  tarsus,  into  a 
lateral  force  tending  to  thrust  outward  the  cuboid  bone. 
And  it  IS,  I  think,  for  the  more  effectual  resistance  of  this 
pressure,  that  the  base  of  that  pyramidal  bone  is  turned 
inwards  toward  the  cuneiform  bones,  instead  of  appear- 
ing above  on  the  convex  surface  of  the  tarsus 

That  portion  of  the  force  of  impact  which  passes  from 
the  cuneiform  bones  to  the  scaphoid,  proceeds  thence 
through  the  astragalus  (G  (?)  to  the  tibia.  In  its  progress 
through  the  tarsus,  it  traverses  a  bend  formed  by  the 
obliquity  in  opposite  directions  of  the  cuneiform  bones 
and  the  neck  of  the  astragalus.  This  bend  would  be 
angular  if  the  head  of  the  astragalus  were  brought  im- 
mediately into  contact  with  the  cuneiform  bones  "by  the 
interposition  of  the  scaphoid  bone  it  is  rounded  into  a 
graclual  curve,  the  convexity  of  which  is  turned  inward, 
as  shown  m  the  diagram  by  the  lines  a  a,  a' a',  and  a"  a". 
This  curve  yields  beneath  concussion,  its  convexity  in- 
creasing during  the  passage  of  the  force,  and  beino-  re- 
stored immediately  afterwards  (by  the  action  of  thelif^a- 
ments  and  tendons)  to  its  previous  condition.  " 

This  curvilinear  arrangement  of  the  inner  division  of 
the  tarsus  is  analogous  in  its  effects  to  the  double  inclina- 
tion of  the  scaphoid  bone  in  the  corresponding  division  of 
the  carpus,  and  susceptible  (as  I  shall  presently  endeavour 
to  show)  of  a  similar  explanation. 
_  The  outer  division  of  the  tarsus  presents  a  more  mas- 
sive structure,  less  elastic,  but  in  an  equivalent  degree 
more  rigid  than  the  inner.  The  two  bones  of  whicli  it 
consists  are  large,  and  placed  nearly  in  a  right  line  with 
each  other,  as  shown  in  the  diagram  by  the' lines  p  (j  and 
h  h,  representing  respectively  the  longitudinal  axis'  of  the 
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calcaneum  and  cuboid  bones.  Shocks  transmitted  along 
the  fourth  and  fifth  metatarsal  bones,  which  this  division 
of  the  tarsus  supports,  pass  almost  directly  throucrh  the 
cuboid  to  the  calcaneum ;  the  only  distribution  of  their 
force  being  that  which  takes  place  at  the  oblique  cubo- 
metatarsafarticiUation  (see  the  arrow  heads  it  and  hk). 

The  explanation  of  this  differeuce  in  the  mechanical 
construction  of  the  opposite  sides  of  the  tarsus  is  ob- 
vious. It  is  upon  the  ball  of  the  great  toe  and  the 
adjacent  portions  of  the  sole  that  we  usually  alight  in 
jumping  and  similar  actions  :  it  is  therefore  by  the  inner 
division  of  the  tarsus  that  the  most  numerous  and  most 
violent  concussions  are  sustained,  and  that  elasticity  is 
chieflv  rec]uired.  Hence  the  advantage  of  its  numerous 
obliquely -jointed  bones,  and  its  curvilinear  arrangement. 
The  outer  division,  on  the  other  hand,  acts  principally  as 
a  lever  stretching  backward  from  the  metatarsus,  beneath 
the  astragalus,  to  receive  the  insertion  of  the  great  ten- 
don of  the  heel.  To  this  purpose  it  is  adapted  by  its 
comparative  rigidity,  and  by  the  almost  rectilinear  dis- 
position of  its  bones ;  while  its  inferior  elasticity  involves 
no  additional  habihty  to  fracture,  first,  for  the  reason, 
already  mentioned,  that  this  side  of  the  tarsus  receives 
fewer  and  less  violent  concussions  than  the  other ; 
secondly,  because  it  does  not,  like  the  iuner  division,  ar- 
ticulate directly  with  the  tibia. 

Thus,  then  (to  recapitulate  these  facts),  we  find  in  the 
tarsus  three  distinct  curvatures :  one  in  the  antero- 
posterior vertical  plane,  another  in  the  transverse  vertical 
plane,  a  third  in  the  horizontal  plane.  The  two  vertical 
curvatures  present  their  convexities  upward,  and  serve 
the  doable  puq^ose  of  increasing  the  strength  and  elas- 
ticity of  the  tarsus  in  the  vertical  sense,  and  of  forming 
a  plantar  excavation,  in  which  the  nerves,  vessels,  and 
muscles  of  the  sole  are  lodged  in  security  from  pressure. 
The  h/yrizontal  curvature  is  confined  to  the  inner  side  of 
the  tarsus,  its  convexity  is  directed  inward,  and  its  use  is 
to  promote  the  lonr/Hudiyial  elasticity  of  that  part  of  the 
region  in  which  it  occurs.  Though  it  has  hitherto  escaped 
the  attention  of  anatomists,  1  regard  it  as  a  feature  of 
essential  importance  in  the  mechanical  constructinu  of 
this  region  ;  and  its  existence  in  strong  contrast  with  the 
rectilinearity  of  the  outer  side  of  the  tarsus  has  sugtjosted 
the  longitndinal  division  adopted  in  the  foregoing  descrip- 
tion.:).   And  I  would  propo.so  this  plan  of  classifying  tho 
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tarsal  bones,  for  general  use,  as  preferable  to  the  old 
diNdsion  into  two  transverse  ranges  like  the  horizontal 
rows  of  the  carpus,  because  this  latter  method,  though 
sanctioned  bj'  high  authority,  has  the  inconvenience  of 
leaving  the  scajDhoid  bone  to  be  assigned  to  the  anterior 
or  to  the  posterior  row,  or  to  be  taken  separately  as  the 
vestige  of  a  third  range  immediate  between  the  other 
two,  according  to  the  particular  views  of  individual  anato- 
mists. 

375.  The  strength  of  the  tarsus,  taken  to  imply  its 
l^ower  of  sustaining  concussion  without  ruiDture  of  the 
arch,  or  dislocation  of  its  several  parts,  depends  partly  on 
the  provisions  for  elasticity  already  described,  partly  upon 
the  tenacity  and  suitable  arrangement  of  the  tarsal  liga- 
ments ;  concerning  which  I  shall  have  some  observations 
to  offer  on  another  occasion.  Its  strength,  considered 
with  reference  to  the  resistance  which  each  particular 
bone  is  capable  of  offering  to  direct  pressure,  dejDeuds 
chiefly  upon  the  distribution  of  the  cancellous  tissue, 
which  Bourgery  has  very  accurately  described  and  figured 
(Anatomie  de  I'Homme,  tom.  i.  p.  129,  pi.  43).  He  has 
shown  that  the  direction  of  the  principal  fibres  of  the 
cancellous  tissue  in  these  bones  is  by  no  means  indeter- 
minate, but  has  a  uniform  relation  to  the  nature  and 
direction  of  the  strain  which  each  is  required  to  support. 
Thus,  for  example,  a  vertical  section  of  the  calcaneum 
from  end  to  end  exhibits  the  princi]5al  fibres  radiating 
from  the  astragalar  articulating  surface — some  horizon- 
tally backward  to  receive  the  transverse  strain  of  the 
great  extensors  of  the  foot,  —  a  considerable  number 
obliquely  downward  and  backward,  to  transmit,  through 
the  tubercles  of  the  heel  to  the  ground,  the  jDressure  re- 
ceived from  the  astragalus,  while  a  third  set  run  forward, 
diverging  from  each  other  as  they  advance,  to  strengthen 
the  greater  process.  As,  however,  this  bone  is  subject  to 
no  directly  vertical  pressure,  nor  to  any  strain  which 
directly  vertical  fibres  would  help  to  resist,  so  we  find  no 
such  fibres  in  the  cancellous  structure,  but  in  their  place 
(between  the  fibres  that  descend  obliquely  haclnrard  and 
those  which  descend  obliquely  fnnvara)  an  empty  triangu- 
lar interval.  The  same  economical  distribution  of  materials 
is  observed  in  all  the  tarsal  bones  ;  and  it  accounts  for  the 
great  resisting  power  which  they  possess  in  proportion  to 
their  weight. 
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OF  TILE  METATARSUS. 

37*3.  The  metatarsus  presents  a  series  of  five  bones,  of 
the  cylindrical  class,  seiDarated  by  four  iuterosseous 
spaces.  The  bones  diverge  a  little  from  each  other  at 
theii-  anterior  extremities,  which  rest  upon  the  ground 
and  articulate  with  the  toes  ;  they  are  elevated  at  an 
angle  of  from  '2b  to  30  degrees  posteriorly,  where  they 
articulate  with  eacla  other  and  with  the  tarsus.  Like  the 
corresponding  bones  in  the  hand,  they  are  distinguished 
by  numerical  appellations,  as  the  first,  second, third,  fourth, 
and  fifth,  counting  from  within  outward.  The  interos- 
seous spaces  (wliich  are  numbered  in  the  same  manner) 
diminish  in  extent  fi-om  the  first  to  the  fourth.  They 
lodge  several  small  muscles,  of  the  same  name,  arranged 
in  a  dorsal  and  a  plantar  series. 

COiDION  CHAKACTEKS  OF  TUE  IIETATAESAL  BONES. 

377.  The  posterior  exfremitij  of  each  metatarsal  bone 
is  wedge-shaped,*  and  offers  a  terminal  surface,  smooth 
for  articulation  with  the  tarsus ;  a  dorsal  and  a  jdantar 
aspect,  rough  for  the  attachment  of  ligaments,  and  two 
lateral  aspects,  presenting  smooth  cartilaginous  facets, f 
and  rough  ligamentous  impressions,  for  articulation  with 
contiguous  bones.  The  anterior  eidremity,  or  head,  has 
a  teriiciiicd  articular  convexity,  received  into  the  cup- 
hke  depression  of  the  corresponding  phalanx ;  and  ex- 
tending further  backward  below  than  above  ;  two  lateral 
aspects,  each  presenting  a  depression,  surmounted  by  a 
tubercle  for  the  attachment  of  ligaments  :  a  superior  as- 
pect marked  with  a  transverse  groove  also  for  ligamentous 
insertion ;  and  an  inferior  aspect  presenting  in  the 
middle  a  small  semilunar  depression,  which  corresponds 
to  the  flexor  tendon,  and  is  bounded  on  each  side  by  a 
arnall  articular  eminewe,  continuous  with,  and  prolonged 
backward  from,  the  terminal  convexity.  These  elevations, 
of  which  the  external  is  the  more  prominent,  may  be 
called,  to  facilitate  reference,  the  cwulijloid  enduenr.es  of 
the  bead.  The  slvaj't  i.s  curved  longitudinally,  so  as  to 
present  a  convexity  upward — a  concavity  on  the  plantar 


•  Kxeejit.  lh:d  of  tli';  foiirtlj,  wliich  is  niilioiiliil. 
t  Kxri^pl  th(;  firrif,  whicli  lia.H  no  l!iti;ntl  arliciilar  facuts  ;  and  tho 
fifth,  which  has  nouo  ou  the  ouUt  aidu. 
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aspect ;  it  tapers  gradually  from  tlie  tarsal  extremity  to 
the  head.  In  the  metatarsal  bones  of  the  great  and 
little  toe,  or  first  and  fiftli  of  the  series,  it  is  always  dis- 
tinctly prismatic.  In  the  three  intervening  bones  its 
form,  though  usually  prismatic,  varies  considerably  in 
different  subjects,  being  sometimes  almost  cylindrical, 
sometimes  transversely  flattened  so  as  to  present  a  mere 
border  above  and  belov?. 

BIEPERENTIAL  CHARACTERS  OP  THE  METATARSAL  BONES. 

378.  The  metatarsal  bones  differ  from  each  other  in 
size.  The  second  is  the  longest  of  the  series  ;  the  third, 
fourth,  and  fifth  follow  in  succession ;  the  first  is  the 
shortest  of  all.  On  the  other  hand,  the  first  is  greatly 
superior  in  breadth  and  thickness  to  all  the  rest,  and,  in 
point  of  weight,  nearly  equals  any  other  two  of  the 
series.  The  dorsal  aspect  of  the  first  metatarsal  bone  is 
directed  iijjward  and  inward  ;  the  corresponding  surfaces 
of  the  other  bones  look  upward  and  outivard,  and  the 
obliquity  of  their  inclination  increases  from  the  second 
to  the  fifth.  The  three  middle  metatarsal  bones  differ 
little  in  form ;  the  first  and  fiftli  are  distinguished 
by  several  peculiarities  from  them,  and  from  each  other. 

379.  First  metatarsal  bone.  The  tarsal  extremity  of 
this  bone  is  distinguished  by  the  absence  of  lateral 
articulate  facets  ;  its  terminal  surface  is  semilunar,  or 
kidney-shaped,  for  articulation  with  the  internal  cunei- 
form bone ;  it  looks  backward,  upward,  and  outward 
(whereas  the  corresponding  surface  of  the  other  four 
bones  is  directed  backward  and  upward,  and  more  or  less 
inward).  The  circumference  of  this  extremity  is  marked 
with  a  groove  for  the  attachment  of  ligaments.*  Its 
inferior  angle  is  proloQged  downvsrard  and  outward, 
forming  a  rough  tuberosity  for  the  insertion  of  a  teudon.f 
Its  outer  side  gives  origin  to  part  of  a  small  muscle.J 
The  head  of  this  bone  is  remarkable  for  its  breadth,  and 
presents,  iinderneath,  a  median  smooth  ridge,  separating 
two  lateral  depressions  which  glide  on  the  sesamoid  bones 
of  the  great  toe.  The  shaft  is  very  strona;,  and  its  prismatic 
form  well  marked.  Its  dorsal  surface  is  smooth,  convex, 
subcutaneous,  and  directed  obliquely  upward  and  iuward; 


*  Tarso-metatarsal.  t  Tliat  of  the  peroneus  lougus. 

J  lunor  head  of  the  first  dorsal  iutorosseous. 
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its  plantar  aspect  is  concave  longitudinally,  plane  trans- 
verselv.  wide  and  directed  obliquely  inward  behind,  nar- 
rower  and  directed  downward  in  front,  while  in  its  whole 
length  it  is  covered  by  a  muscle  and  a  tendon.*  Lastly, 
its~t,dtrnal  surface  is  concave  longitudinally,  plane  in  the 
opposite  direction,  much  wider  behind  than  before,  and 
covered  by  a  muscle.f  to  the  fibres  of  which,  however,  it 
does  not  give  origin.  Of  the  borders  by  which  these  sur- 
faces are  separated,  the  external  (also  inferior)  extends 
from  the  tuberosity  of  the  tarsal  extremity  to  the  outer 
condvloid  eminence  of  the  head  ;  the  supeiior  runs  from 
the  upper  angle  of  the  tarsal  extremity  to  the  external 
lateral  tubercle  of  the  head,  and  the  internal  passes  from 
the  inner  angle  of  the  tarsal  extremity  to  the  inner 
condvloid  eminence  of  the  head.  The  course  of  these 
borders  along  the  shaft  recjuires  no  particular  notice.  They 
are  all  prominent.  The  external  is  deeply  concave ;  the 
superior  corresponds  in  the  recent  subject  to  a  tendon. ij; 

380.  Second  hetataksal  bone.  The  superior  length  of 
this  bone  depends  chietly  upon  its  prolongation  back- 
ward into  the  cuneiform  recess  of  the  tarsus.  Its  tarsal 
extremity  is  wide  above,  narrow  and  tubercular  below. 
The  tenninal  surface  o£  this  extremity  is  smooth  and 
triangular  for  articulation  with  the  middle  cuneiform 
bone.  Its  inner  side  presents,  at  its  upper  part,  a  smooth 
facet  for  articulation  with  the  internal  cuneiform  bone, 
and,  inferiorly,  a  rough  space  for  ligamentous  attachment. 
Its  outer  side  presents  a  superior  and  an  inferior  articular 
surtace,  separated  by  a  rough  ligamentous  depression, 
and  each  subdivided  by  a  vertical  elevation  into  an 
anterior  and  a  jjosterior  facet.  Of  the  four  facets  thus 
formed,  the  two  anterior  are  directed  outward  and 
forv:o:rd,  to  articulate  with  the  third  metatarsal  bone : 
the  two  posterior  (which  are  sometimes  joined  together 
HO  an  to  form  a  vertical  linear  surface)  look  outward  and 
hockv:ard  to  articulate  with  the  external  cuneiform  bone. 
The  lead  agrees,  in  every  particular,  with  the  common 
description  already  given.  It  is  more  or  less  flattened 
from  side  to  side,  so  that  its  vertical  exceeds  its  trans- 
ver.-e  diameter.  Its  lateral  tubercles  are  prominent,  and 
its  upper  .surface  presents  a  trannversf,  ridije  for  liga- 
mentous attachment.    'The  shaft  of  this  bone,  in  well- 


*  i'\'  X')T  br<:viH  pollioiH,  ari'J  tondou  of  the  fl' xor  loiif^us  pollicis. 
t  first  Uoraal  interosbeous,  J  iixtcusor  proprius  puliicia. 
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marked  specimens,  presents  an  inferior  and  two  lateral 
lines,  separating  a  superior  and  two  lateral  surfaces. 
The  lateral  lines  commence,  posteriorly,  one  on  each  side 
of  the  dorsal  aspect  of  the  tarsal  extremity ;  approach  one 
another  as  they  advance  ;  and  diverge  again,  near  the 
head,  to  terminate  each  at  the  corresponding  lateral 
tubercle.  The  inferior  line  commences  at  the  lower 
border  of  the  tarsal  extremity,  runs  along  the  shaft, 
keeping  to  the  outer  side  of  its  median  line,  and  bifurcates 
in  front  to  terminate  at  the  two  condyloid  eminences  on 
the  under  surface  of  the  head.  From  the  course  of  these 
lines  the  shape  of  the  intervening  surfaces  may  be  in- 
ferred. The  superior  surface  is  narrow  in  the  middle, 
where  the  lines  approach  each  other,  and  expands  a  little 
at  each  extremity  in  consequence  of  then-  divergence. 
It  looks  upward  and  a  little  outward,  and  corresponds  to 
the  second  extensor  tendon.  The  lateral  surfaces  are 
separated  above  by  the  width  of  the  aspect  just  described, 
but  they  meet  below  at  the  inferior  border.  As  this 
border  lies  to  the  outer  side  of  the  median  line  of  the 
shaft,  the  internal  lateral  STirface  extends  further  round 
the  bone,  inferiorly,  than  the  external.  (The  lower  part 
of  the  internal  surface,  indeed,  looks  so  much  downward 
that  it  is  scftnetimes  described  separately  as  a  jjlantar 
aspect.)  By  its  lateral  surfaces,  and  by  the  iinder  side 
of  its  tarsal  extremity  and  of  its  head,  this  bone  gives 
partial  attachment  to  three  muscles.* 

381.  Thikd  METATAiiSAi  BONE.  The  tarsal  extremity  of 
the  bone  articulates,  by  a  triangular  terminal  surface 
with  the  external  cuneiform  bone,  by  two  facets  on  its 
inner  side  with  the  second  metatarsal  bone,  and  by  a 
single  facet  on  its  outer  side  with  the  third  metatarsal 
bone.  The  shaft  and  head  exactly  resemble  those  of  the 
bone  just  described.  It  gives  partial  attachment  to  five 
muscles.f 

*  The  interaal  lateral  surface  gives  origin  to  the  outer  fibres  of 
the  first  dorsal  interosseous,  and  the  external  lateral  surface  to  the 
inner  fibres  of  the  second  dorsal  interosseous  ;  a  tendinous  slip  of 
each  of  these  muscles  arises  from  the  under  border  of  the  tarsal 
extremity  ;  and  a  fasciculus  of  the  transversus  jjedis  from  the  under 
aspect  of  the  head. 

t  By  its  lateral  surfaces  to  the  outer  fibres  of  the  second,  and 
inner  fibres  of  the  third,  dorsal  interosseous  muscle  ;  by  the  imder 
aspect  of  its  tarsal  extremity  to  the  first  plantar  interosseous  muscle, 
and  a  few  fibres  of  the  abductor  obliquus  poUicis  ;  by  the  under 
aspect  of  its  head  to  a  slip  of  the  transversus  pedis. 
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3S"2.  FouKTU  METATARSAL  BOXE.  Closelj  resembles  the 
two  preceiliiig  ones,  except  at  its  tarsal  extremity,  which 
is  of  a  cuboidal  form,  aud  presents,  posteriorly,  a  quadri- 
lateral surface  for  articulation  with  the  cuboid  bone — on 
the  inner  side  a  smooth  surface,  divided  into  an  anterior 
facet  which  articidates  with  the  third  metatarsal  bone, 
and  a  posterior  narrower  facet,  which  articulates  with  the 
external  cuneiform, — and  lastly,  on  the  outer  side,  another 
facet  for  articulation  ^vith  the  fifth  metatarsal  bone.  It 
gives  partial  attachment  to  five  muscles.* 

383.  Firxu  iiETATAKs.ii  BONE.  The  tarsal  extremity  of 
this  bone  articulates,  heliind,  by  a  triangi;lar  oblique 
surface,  with  the  cuboid  bone,  aud  internally,  by  a  flat 
facet,  with  the  fourth  metatarsal  bone.  Its  outer  side 
presents  a  tubercular  prolongation,  called  the  tuberosity 
of  the  fifth  metatarsal  bone,  which  gives  insertion  to  two 
tendons.f  Its  upper  and  loiuer  surfaces  are  remarkably 
wide.  The  shaft  of  this  bone  is  very  wide  posteriorly,  but 
tapers  and  curves  outward  as  it  approaches  the  head. 
Instead  of  being  flattened  transversely,  hke  the  three 
preceding  bones,  it  is  flattened  from  above  downward ;  so 
that,  whereas  they  present  wide  lateral  surfaces,  and  a 
prominent  border,  on  the  plantar  aspect — this  bone,  on 
the  contrary,  presents  wide  surfaces  above  and  belovj,  and 
a  pirominent  border  on  the  outer  side.  The  liead  is  turned 
somewhat  outward,  in  consequence  of  the  curvature  of 
the  shaft,  and  has  an  iri'egular  tubercular  aiDpearance. 
This  bone  gives  partial  attachment  to  six  muscles.^ 


•  By  its  lateral  surfaces  to  the  outer  fibres  of  the  third,  and  the 
inner  tiVjres  of  the  fourth  dorsal  interosseous;  by  the  under  surface 
of  its  tarsal  extremity,  to  the  second  plantar  interosseous,  to  a  ten- 
dinons  ;:lip  of  the  third  dorsal  interosseous,  aud  to  a  few  fibres  of 
the  aMuctor  obliquus  pollicis ;  and  by  the  under  sui'face  of  its 
head,  to  a  fasciculus  of  the  transversus  pedis. 

t  To  the  peroneus  brevis,  and  below  that  to  a  slip  of  the  ab- 
ductor minimi  dipiti. 

X  hy  its  internal  surface,  to  the  outer  fibres  of  the  fourth  dorsal 
int^roHseoHs  muscle;  by  the  under  surface  of  the  tarsal  extremity, 
Ui  a  few  fibres  of  the  flexor  brevis  minimi  digiti,  to  the  third  ])lnntar 
interosseous  muscle,  and  to  a  tendinous  slip  of  the  fourlli  dorsal  ; 
by  the  triU-rosity,  to  the  peroneus  brevis,  and  to  a  slip  of  tlio  ab- 
ductor minimi  di^ti ;  and,  by  the  head,  to  a  fasciculus  of  the  trans- 
verse pedis. 
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384.  The  five  bones  that  have  now  been  described  com- 
pose a  quadrilateral  region,  rather  wider  before  than 
behind,  convex  transversely,  and  more  slightly  so  in  the 
longitudinal  sense  also,  above ;  concave,  in  both  dii-ections, 
helow.  Of  its  borders,  the  internal,  formed  by  the  first 
metatarsal  bone,  is  thick  and  straight ;  the  external, 
formed  by  the  fifth  metatarsal  bone,  is  thin  and  concave  ; 
the  anterior,  represented  by  the  line  of  heads,  is  convex  : 
the  posterior  presenting  the  range  of  tarsal  extremities, 
is  rendered  uneven  by  the  projections  of  the  second, 
fourth,  and  fifth  bones,  beyond  the  line  of  the  first  and 
third.  The  mechanism  of  the  metatarsus  is  very  simple. 
The  tiirso-metatarsal  and  intermetatarsal  articulations 
are  gliding  joints,  the  motions  of  which,  though  limited 
by  strong  dorsal,  plantar,  and  interosseous  ligaments, 
give  considerable  flexibility  to  this  region,  enabling  it  to 
mould  and  adapt  itself  to  the  inequalities  of  the  surface 
on  which  it  rests.  The  mutual  interlocking  of  these 
joints  tends  evidently  to  secure  the  bones,  both  of  the 
tarsus  and  of  the  metatarsus,  from  lateral  disp)lacement. 
The  great  strength  of  the  first  metatarsal  bone  is 
explained  by  the  fact,  already  pointed  out,  that  con- 
cussions are  usually  received  by  the  ball  of  the  foot,  and 
pass  along  its  inner  side  to  the  tibia.  And  lastly,  the 
concavity  of  the  under  surface  of  this  region,  together 
with  the  similar  excavation  of  the  tarsus,  affords  room  for 
the  secure  lodgment  of  the  plantar  nerves  and  vessels. 
Structure.  Resembles,  on  a  reduced  scale,  that  of  the 
humerus,  and  other  large  bones  of  the  cylindrical  class. 
Development.  By  two  points  of  ossification,  one  for  the 
body,  the  other  for  the  head,  with  the  exception  only  of 
the  first  metatarsal  bone,  which  (Uke  the  corresponding 
bone  of  the  metacarpus)  has  the  second  ossific  poiut  at 
its  tarsal  extremity — a  character  by  which,  as  we  shall 
presently  find,  it  is  assimilated  to  the  phalanges. 

OF  THE  PHALANGES. 

385.  The  phalanges  of  the  foot  resemble,  in  number 
and  general  arrangement,  the  corresponding  bones  of  the 
hand,  already  described.  The  toes,  like  the  fingers,  are 
five  in  number,  each  consisting  of  three  phalanges,  with 
the  exception  only  of  the  great  toe,  in  which  the  middle 
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phalanx  is  deficient,  and  the  first  articulates  immediately 
with  the  third.  Thus,  viewed  collectivel}^  the  toes  pre- 
sent a  series  of  fourteen  phalanges,  disposed  in  three  rows, 
of  which  the  first  and  third  contain  five  bones  each,  the 
second  only  four.  The  phalanges  of  each  of  these 
rows  exactly  resemble  those  of  the  corresponding  range 
in  the  hand — with  the  exception  of  certain  modifications 
of  form,  depending  evidently  upon  imperfect  development. 
Thus,  the  two  phalanges  of  the  great  toe,  which  are  large 
and  fully  developed,  are  exact  repetitions  of  the  two 
phalanges  of  the  thumb ;  and  between  the  remaining 
fingers  and  toes  the  only  notable  difference  is,  that  these 
latter  are  of  comparatively  diminutive  size — thoir  first 
phalanges  disproportionately  slender— their  second  and 
third  phalanges  mere  rudimentary  nodules  of  bone,  such 
as  either  phalanx  of  a  finger  would  apjDear,  if  its  shaft 
were  deficient,  and  its  two  extremities  joined  together. 
We  shall,  therefore,  to  avoid  unnecessary  repetition,  refer 
the  student,  for  farther  information  concerning  these 
bones,  to  paragraphs  303 — 8  inclusive :  whei'ein  are 
described,  first,  the  common  characters  of  all  the  pha- 
langes, and,  secondly,  the  particular  characters  of  each 
row.*  As  to  the  precise  identification  of  individual 
phalanges,  they  are  only  distinguished  among  their 
fellows  of  the  same  row  by  their  relative  size — which 
diminishes  from  the  first  to  the  last  in  succession. 

38ti.  In  point  of  structure,  also,  these  bones  resemble 
those  of  the  fingers.  Their  movements  are  of  a  similar 
kind,  but,  with  one  exception,  more  limited  in  range. 
The  excepted  movement  is  that  of  extension,  which  can 
be  carried  a  httle  farther  in  the  toes  than  in  the  fingers. 
They  are  developed  by  two  points  each,  one  for  the  body 
and  one  for  the  metatarsal  extremity.  That  of  the  body 
appear:-!  early  in  fa;tal  life  ;  that  of  the  terminal  epiphysis 
appears,  in  the  different  phalanges,  at  various  i^eriods 
between  the  fourth  and  seventh  year  after  birth.  The 
union  of  the  two  parts  does  not  take  place  till  the  seven- 


•  In  applyinf?  thes^j  descriptions  to  tho  foot,  tlin  stu'Ii;iit  will  find 
two  OT  three  vyrhial  aIt<;rations  noci;.s.s;iry.  'i'liii.s,  tlio  ward  meta- 
carpal rnn.st  r<;a'l  m>-talarnol,  an'I  tlio  word  jjalmai'  /i/niitiir,  Ac. 
It  rnu.H'  also  p':m':mtj':r';'l  that  tli';  liari'l  Ijantr.s  rerlicullji,  with  its 
dorsnm  lookint^  Ijackward  ;  whi;r(;a.s  th<;  foot  rcatH  in  a  hiirh.anlal 
position,  with  thfj  toys  pointed  forward,  and  tho  dorsal  surfaco 
directed  Dpward. 
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teenth  or  eighteenth  year.  All  the  phalancres  give  attach- 
ment to  muscles  ;*  those  of  the  great  and  little  toe  have 
special  motors.  Their  use  in  the  mechanism  of  the  lower 
extremity  seems  to  be  inconsiderable,  and  is  evidently 
diminished  by  the  custom  of  wearing  shoes.  However, 
when  their  action  is  unimpeded,  they  extend  the  surface 
for  the  support  of  the  leg,  and  by  grasping  the  little  in- 
equalities with  which  they  meet,  give  it  a  firmer  hold 
upon  the  soil.  They  continue  to  the  latest  moment  the 
l^ressure  of  the  backward  foot  against  the  ground,  in  the 
various  actions  of  progression.  They  also  increase  the 
elasticity  of  this  region  when  opposed,  as  a  spring,  to 
concussion ;  and,  when  the  body  inclines  too  much  for- 
ward, assist  in  restoring  its  equilibrium,  and  preventing 
its  fall. 

OF  THE  FOOT  IN  GENERAL. 

387.  The  general  configiu-ation  of  the  foot  has  been 
noticed  in  the  introductory  paragraph  of  the  foregoing 
description  {353) ;  and  the  strength,  mobihty,  and  elasti- 
city of  its  structure,  so  far  as  they  dejiend  on  the  arrange- 
ment of  the  bones,  have  been  fully  explained  in  the 
paragrajjhs  on  the  mechanism  of  its  several  regions 
(370 — 5,  384,  38t)).  Its  uses  as  an  organ  of  support  and 
locomotion  have  also  been  noticed  incidentally  ;  and  its 
analogies  to  the  hand,  which  we  have  already  referred  to 
in  general  terms,  will  be  more  exactly  analysed  in  the 
following  chajster. 

388.  I  have  observed  a  curious  fact  respecting  the 


*  The  iittaclimeut  of  these  muscles  are  as  follows : — Extensors. 
The  extensor  loiiyus  digitormn  is  attached  to  the  dorsal  sui-faca  of 
the  sec.oud  aud  third  plialauges  of  the  last  four  toes.  The  extensor 
hrevis  diijiloram  is  attached  to  the  dorsal  surface  of  the  first  plialanx 
of  the  great  toe,  aud  of  the  third  phalanges  of  the  second,  tliird,  and 
fourth  toes.  The  extensor  proprhis  poUieis  is  inserted  into  the 
dorsal  surface  of  the  lermioal  phalanx  of  the  great  too.  Flexors. 
'Vhe  flexor  lonyus  digitoriim  is  inserted  into  the  plantar  surface  of 
the  terminal  phalanx  of  the  last  four  toes.  The  flixor  breris  tligi- 
toriini  is  inserted  into  the  lateral  border  of  the  second  phalanges  of 
the  four  last  toes.  The  flexor  hrevis  pollieis  is  inserted  into  the 
plantar  snrface  of  the  terminal  phalanx  of  the  great  tdc.  The  ad- 
ductor aud  the  two  (abdiietors  oblique  and  transverse)  of  the  great  toe 
are  attiiched  respectively  to  the  iuner  aud  outer  side  of  its  lirst  pha- 
lanx, which  also  gives  insertion  underneath  (by  the  inti'rvention  of 
the  sesamoid  bones  aud  capsidar  ligament  of  the  metalarso-phalan- 
geal  joint)  to  tlie  flexor  Itrevis  pollie.is.  A  speci.nl  aliduetor  imi  flexor 
are  also  attached  to  the  first  phalanx  of  the  little  toe. 
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course  of  tlie  medullary  canals  iu  the  liand  and  foot, 
■which,  as  it  tends  more  closely  to  assimilate  the  two 
organs,  and  may  throw  light  upon  a  disputed  point  con- 
cerning the  analogies  of  certain  of  their  bones,  deserves 
a  brief  mention  in  this  place.  The  medullary  foramen  of 
the  first  metatarsal  bone  enters  the  shaft  obliquely  to- 
wards its  phalamjeal  extremity  ;  whereas  in  the  other 
four  metatarsal  bones  it  runs  in  the  opposite  direction,  i.e. 
towards  the  tarsal  extremity.  An  exactly  similar  diffe- 
rence in  direction  is  observed  between  the  medullai'y  fora- 
mina of  the  first,  and  four  succeeding  bones  of  the  meta- 
carpal region  of  the  hand.  In  the  phalanges,  both  of  the 
hands  and  feet,  the  medullary  foramen,  when  it  exists, 
runs  in  the  same  direction  as  that  of  the  first  metacarpal 
(or  metatarsal)  bone,  viz.,  towards  the  distal  extremity. 
Thus  a  new  analogy  is  established  between  the  bones  that 
support  the  thumb  and  the  gi-eat  toe  on  the  one  hand, 
and  the  phalanges  on  the  other.  And  the  constant 
and  exact  correspondence  of  the  hand  and  foot  in  this 
particular  is  rendered  the  more  remarkable  by  the  fact 
that  an  equally  constant  difference  exists  between  the  two 
limbs  with  respect  to  the  course  of  the  medullai-y  fora- 
mina in  their  remaining  cylindrical  bones — those  of  the 
hnmerus,  radius,  and  ulna,  cdl  running  toivards  the  elbow, 
•while  those  of  the  femur,  tibia,  and  fibula,  all  run  from 
the  knee.  The  reader  will  find  a  circumstance  of  a  similar 
nature  recorded  at  note  pa^g^  138  supra,  with  respect  to 
the  nutrient  foramina  of  the  ribs ;  and  the  ciuestions, 
appended  to  that  note,  concerning  the  purpose  and  mean- 
ing of  the  arrangement  therein  described,  apply  with 
equal  force  to  the  perplexing  facts  at  jn-esent  under  re- 
view. The  whole  subject  is  extremely  interesting,  and  its 
investigation  might  throw  light  on  the  analogies  of  the 
bones,  and  on  the  laws  of  their  development  and  nutrition. 
The  first  and  principal  object  of  such  an  inquiry  should 
be,  to  discover  whether  the  course  of  the  nutrient  canals 
V>ear3  any  constant  relation  to  the  form  or  structure  of 
the  Vy^nes,  to  their  mode  of  development,  or  to  any  other 
determinate  circumstance. 


OF  TIIK  SESAMOID  KONKS. 

%■"*.  The.se  arc  little  rounded  nodules,  cartilaginous  in 
chd'ihood,  bony  in  the  adult,  occurring  in  the  substance 
of  certain  tendons,  at  points  where  they  come  in  contact 

y  2 
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with  the  bones.  They  are  observed  in  various  regions  of 
the  upper  and  lower  extremities,  but  chiefly  in  the  hands 
and  feet.  They  are  enveloped  in  fibrous  tissue  on  all  sides 
but  one,  which  is  more  or  less  flattened,  and  presents  a 
free  articular  facet.  They  increase  in  number  with  ad- 
vancing age,  and  are  said  to  be  more  numerous  in  the 
male  than  in  the  female,  and  in  vigorous  and  active  indi- 
viduals than  in  the  feeble  and  comparatively  inert.  They 
may  be  divided  into  two  classes ;  first,  those  which  rest 
on  the  articular  extremities  of  bones,  and  enterinto  the  com- 
position oi  joints;  and,  secondly,  those  which  are  con- 
tiguous to  cartilaginous  facets  on  the  tubercular  aiiophyses 
of  bones.  The  sesamoid  bones  of  both  classes  serve  to 
improve  the  leverage  of  the  tendons  in  which  they  occur, 
by  increasing  their  angle  of  insertion.  Those  of  the  first 
class  also  equalize  the  distribution  of  external  pressttre  on 
the  convexities  with  which  they  articulate,  and  jDresent 
a  surface  on  which  gliding  movenienis  of  considerable  ex- 
tent are  performed.  Those  of  the  second  class,  on  the 
contrary,  are  not  subject  to  external  pressure,  nor  to 
gliding  movements  of  any  notable  extent.  Indeed,  they 
are  not  found  at  the  places  where  the  tendons  rub  most 
against  the  bones  (as  for  instance,  behind  the  malleoH), 
but  at  points  near  their  insertions,  where  friction,  if  it 
occur  at  all,  is  reduced  to  a  minimum.  For  this  reason,  I 
dissent  from  M.  Bourgery's  opinion  that  these  bones  are 
developed  in  the  tendons  and  ligaments,  "  dans  fous  les 
points  oil  Us  exercent  des  frottemens  durs  sur  les  os." 

389.  Sesamoid  bones  of  the  joints.  Of  these,  in  the 
foot,  two  are  constantly  observed  beneath  the  metatarso- 
phalangeal joint  of  the  great  toe,  and  another  (sometimes 
two)  of  much  smaller  size,  at  its  inter-phalaugeal  joint. 
One  is  sometimes  found  at  the  metatarso-phalangeal 
joint  of  the  second  toe ;  another,  more  rarely,  at  that  of  the 
little  toe ;  and,  still  less  frequently,  rudiments  of  a  similar 
development  occur  in  the  fibrous  tissue  beneath  the  third 
and  fourth  metatarso-phalangeal  articulations.  The  two 
first  are  the  most  important.  They  are  elongated  and 
curved  so  as  to  fit  the  grooves  on  the  head  of  the  first 
metatarsal  bone,  which  glides  smoothly  upon  them.  They 
are  enveloped  in  a  mass  of  fibrous  tissue,  formed  parti}'  by 
the  capsule  of  the  joint,  partly  by  several  small  tendons.* 


•  The  two  teudons  of  tho  fJexor  brevis  poflicis,  and  that  of  the 
ta-ansversus  pedis. 
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In  the  liancl  a  similar  arrangement  is  observed.  There 
are  always  two  sesamoid  bones  on  the  palmar  side  of  the 
metacarpo-phalangeal  joint  of  the  thumb,  and  sometimes 
one  of  smaller  size  at  its  inter-phalangeal  articulation. 
One  or  two  are  occasionally  observed  at  the  metacarpo- 
phalangeal joint  of  the  fore-finger ;  another  at  that  of 
the  Httle  finger ;  and  others,  more  rarely  still,  at  the  cor- 
responding articulations  of  the  middle  and  ring  fingers. 

The  patella,  considered  with  reference  to  the  great  ex- 
tensor tendon  of  the  leg,  resembles  the  sesamoid  bones  of 
this  class  ;  but,  viewed  in  its  relation  to  the  tibia,  it  is 
evidently  analogous  to  the  olecranon  process  of  the  ulna. 
It  mav,  therefore,  be  regarded  as  a  bone  of  intermediate 
character,  estabhshiug  a  transition  between  the  sesamoid 
bones  on  the  one  hand,  and  the  epiphyses  of  the  long 
bones  on  the  other.  This  view  of  its  analogies  is  con- 
firmed by  the  fact,  that  the  olecranon  process  sometimes 
continues  through  life  a  separate  bone,  connected  with 
the  shaft  of  the  ulna  only  by  a  fibrous  band  obviously  re- 
sembling the  ligamentum  patella? ;  a  variety  of  which 
Eosenmiiller  has  recorded  an  example,  (261) 

390.  Sesamoid  bones  of  the  apopuyses.  Of  these,  one 
is  observed,  resting  on  the  tuberosity  of  the  cuboid  bone, 
in  a  tendon*  that  hes  in  its  obhque  groove;  another 
appears,  in  old  age,  opposed  to  a  smooth  facet  of  the  in- 
ternal cuneiform  bone  (304),  in  the  substance  of  a  tendonf 
to  which  that  bone  gives  insertion ;  and  a  third  is  usually 
found  at  the  inner  side  of  the  astragalus,  in  a  tendon^ 
which  passes  forward  to  reach  the  tuberosity  of  the 
scaphoid  bone.  To  this  class  of  sesamoid  bones  may  also 
be  referred  the  osseo-cartilaginous  thickenings  which  are 
occasionally  found,  in  old  subjects,  opposite  the  tuberosity 
of  the  radius, §  the  trochanter  major  of  the  femur, || 
and  at  various  other  points  with  which  tendons  come  m 
contact. 

391.  Strcctcre.  Of  very  light  cancellous  tissue,  en- 
veloped in  a  thin  layer  of  compact.  Devei/ji'Ment.  The 
os.HiHcation  of  these  bones  takes  place  by  a  single  point 
for  each.  It  commences  late,  and  is  not  fully  completed 
till  the  j>eriod  of  adult  age. 


♦  That  of  tho  p'-ronf^iiK  lorj<.Tis.      t  Thnt  of  the  tibialis  auticus. 
t  That  of  the  tiVjialis  posticus. 
5  In  tlio  t'Ti'lon  of  tlio  h\<:<-\)H  fli^xor  ciibiti. 
i  In  tho  toiidou  of  the  gluteus  maximus. 
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CHAPTEE  VI. 

\  ■ 

OF  THE  SKELETON  IN  GENEKAL. 

392.  The  human  skeleton  represents  a  column,  larger 
and  heavier  above  than  below,  and  standing  erect  on  a 
comparatively  small  base.  On  the  circumstance  of  its  up- 
right position  many  pecuUarities  of  its  structure  depend ; 
while  the  necessity  of  keeping  an  elevated  centre  of 
gravity  within  a  narrow  basis  of  support  gives  rise  to 
several  of  its  most  characteristic  movements. 

393.  _  The  contrast  between  the  thoracic  and  pelvic  ex- 
tremities in  man,  is,  perhaps,  the  most  obvious  and 
striking  indication  of  his  essential  aptitude  for  the  erect 
posture.  The  former  are  maaif estly  organs  of  tact  and  pre- 
hension only  ;  the  latter  are,  as  evidently,  adapted  exclu- 
sively for  locomotion  and  support.    The  arched  and 
massive  foot,  resting  horizontally  on  the  ground,  articu- 
lating at  right  angles  with  the  leg,  famished  with  very 
small  digital  appendages,  but  prolonged  into  a  strong 
lever  at  the  heel,  is  as  well  calculated  for  the  base  of  a 
column  of  support  as  it  is  incapable  of  grasping,  or  per- 
forming rapid  movements  ;  while  the  hand,  with  its  long 
fingers,  its  opposed,  divergent  thumb,  and  its  narrow 
carpus  articulated  in  a  right  line  with  the  bones  of  the 
forearm,  is,  on  the  contrary,  a  perfect  tactile  and  prehen- 
sile organ,  but  altogether  unsuited  to  sustain  or  propel 
the  trunk,  in  the  ordinary  modes  of  progression.    In  the 
quadrupeds  and  quadrumana  these  organs  present  no 
such  contrast,  but  more  or  less  closely  resemble  each 
other ;  the  quadrupeds  being  adapted  for  progression  on 
all  fours  by  conversion  of  the  hands  into  feet ;  while  the 
quadrumana  are  fitted  for  their  climbing  habits  by  a  con- 
trary transformation  of  the  feet  into  hands.    It  may 
further  be  observed  upon  this  point  that  in  none  of  the 
mammalia  do  the  feet  present  so  extensive  a  surface  to 
the  ground  as  in  man.    In  digitated  quadrupeds,  such 
as  the  dog,  the  carpus   and  tarsus  are  considerably 
elevated,  so  that  the  body  is  supported  entirely  by 
the  toes ;  and  in  animals  having  solid  hoofs,  as  for 
example,  the  horse,  the  foot  assumes  an  almost  vertical 
position,  so  that  only  the  third  phalanges  rest  upon  the 
ground. 

A  similar  contrast  in  point  of  structure,  indicating  a 
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corresponding  diversity  oi  function,  may  be  traced  m  the 
other  regions  of  the  limbs.    The  pelvis,  for  example,  is 
a  massive,  rigid,  hoop  of  bone,  forming  a  strong  founda- 
tion for  the  spine,  and  resting,  by  deeply  hollowed  sockets, 
on  the  heads  of  the  thigh-bones.    The  shoulder,  on  the 
contrary,  is  a  light  and  extremely  moveable  apparatus, 
presentin>T  but  shallow  sockets  for  articulation  with  the 
arms,  whfch  hence  derive  greater  freedom  from  motion, 
but  withal  less  security  from  dislocation.    The  bones  ot 
the  thic^h  and  leg  are  equally  superior  to  those  of  the 
arm  and  forearm  in  point  of  bulk— ecpially  inferior  in 
point  of  mobility.    The  forearm  and  hand  can  be  rotated 
on  the  pivot -joint  of  the  radius  to  the  extent  of  90  m 
all  positions  of  the  limb  ;   whereas  the  rotation  of  the 
tibia  and  foot  on  the  femur,  is  only  possible  during  flexion 
of  the  knee,  and  even  then,  is  limited  to  between  SO  and 
¥j°  of  angular  extent.    Again,  all  the  jomts  of  the  upper 
ertremitv  bend  in  the  same  direction,  so  that  the  hmb 
forms  an  arched  line  in  flexion,  by  which  the  hands  are 
brou'^ht  forward  into  a  convenient  position  with  respect 
to  the  range  of  vision,  and  the  arms  are  enabled  readily 
to  encircle" any  object  in  their  embrace.    In  the  lower  ex- 
tremity, on  the  other  hand,  the  articulations  bend  in 
opposite  directions,  so  as  to  form  a  zigzag  line  in  flexion ; 
the  knee-joint  pointing  fonvard,  the  hip  and  aukle-jomts 
lnrhi:nyd  ;  by  which  the  limb  is  better  adapted  to  shorten 
and  extend  for  the  propulsion  of  the  body,  and  to  yield, 
in  the  manner  of  a  twice-bent  spring,  to  concussion  ;  but 
at  the  ?ame  time  is  rendered  still  more  inferior,  m  point 
of  mobiUtv,  to  the  upper  extremity.    This  inferiority, 
indef-d  \s  so  marked,  that  whilst  the  sole  of  the  foot  can- 
not, by  any  action  of  the  leg,  be  brought  into  contact 
with  the  trunk,  there  is,  on  the  contrary,  no  spot  on  the 
snriace  of  the  body  to  which  the  hand  may  not  more  or 
less  easily  be  applied,  as  well  by  its  dorsal  as  by  its  palmar 

surface.  .       ,  ,  , 

In  quadmp'-dH  all  these  parts  are  assimihitcd  by  a 
more  equal  di.-tribution  of  bulk,  weight,  and  mobility, 
between  tlie  thoracic  and  pelvic  limbs.  'I'he  scapulas 
are  m  di.^posed  that  the  glenoid  cavities  look  downward  ; 
and  in  consequence  of  the  absence  of  clavicles,  and  the 
narrow  keel-like  form  of  the  thorax,  they  come  into 
much  closer  proximity  than  in  man ;  so  that  the 
thoracic  extremities,  in  these  animals,  stand  vertically 
under  the  forepart  of  the  trunk,  suiii-orting  its  weight 
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effectually,  ]mt  enjoying  little  lateral  motion.  Lastly, 
the  jomts  corresponding  in  tlie  fore-leg  of  quadrupeds 
to  the  human  elbow  and  wrist,  as  well  as  those  of  their 
hmd  leg,  which  answer  to  our  knee  and  ankle-ioints 
bend  m  opposite  directions,  so  as  to  take  a  zin-zag  Hne 
m  flexion ;  and  all  their  limbs  are  alike  deficient  in 
the  tree  rotatory  action  that  distinguishes  the  forearm  in 
man. 

394.  The  spinal  columns  of  man  and  of  the  inferior 
mammalia  present  differences  of  form  and  function, 
equally  striking,  and  not  less  obviously  related  to  the 
difierence  m  their  habitual  attitude.     In  quadrupeds, 
that  portion  of  the  spine  which  extends  horizontally  from 
the  pelvis  to  the  root  of  the  neck,  usually  forms  one  con- 
tinuous elliptic  arch,  which,  being  kept  bent  by  strong 
hgaments  (as  a  bow  is  kept  bent  by  the  bow-string),  and 
bearing  at  its  extremities  on  the  fore  and  hinder  limbs,  is 
well  adapted  to  sustain  the  constant  weight  of  the  viscera 
that  are  suspended  from  it,  as  well  as  the  occasional  (and 
often  severer)  pressure  of  burdens  laid  upon  the  back. 
In  man,  that  portion  only  of  the  spine  which  enters  into 
the  composition  of  the  thorax,  presents  a  dorsal  con- 
vexity ;  the  lumbar  region,  hke  the  cervical,  bends  in  the 
opposite  direction,  giving  to  the  column  a  triple  curva- 
ture, by  which  it  is  adapted  to  break  the  force  of  longi- 
tudinal concussions  consequent  upon  its  perpendicular 
position.    In  quadrupeds,  again,  the  weight  of  the  skull, 
bearing  at  right  angles  on  the  extremity  of  the  horizontal 
neck.  and  increased,  in  many  instances,  by  the  growth  of 
massive  horns,  antlers,  or  tusks,  requires  for  its  sujjport, 
that  the  cervical  vertebraa  should  be  proportionately  en- 
larged ;  that  the  spinous  processes  of  the  lower  cervical 
and  upper  dorsal  vertebrae,  from  which  the  great  muscles 
of  the  neck  arise,  should  be  exceedingly  prominent,  so  as 
to  compensate  in  some  measure  for  the  disadvantageous 
position  of  the  weight,  by  rendering  the  application  of 
the  moving  power  more  direct ;  and  lastly,  that  a  strong 
elastic  fibrous  cord  (the  ligamenhim  nucha')  should  be 
extended  from  the  occiput  to  the  prominent  vertebras,  in 
order  to  assist,  in  the  manner  of  a  hearing-rein,  in  bracing 
Tip  the  head  ;  in  man,  these  provisions  are  not  required  ; 
the  neck  is  vertical,  the  occiijital  condyles  are  horizontal, 
and  situated  vertically  under  the  centre  of  gravity  of  the 
head,  which  thus  rests  of  itself  in  exact  equipoise  on  the 
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snmmit  of  the  spine  *  Hence,  in  the  human  subject,  the 
diminutive  proportions  of  the  vertebras  of  the  neck; 
the  comparative  shortness,  and  the  imbricated  disposition 
of  the  lowest  cervical,  and  adjacent  dorsal  vertebras  ;  and 
the  rudimentary  condition  of  the  ligamentaiii  nuchce, 
which  is  reduced  to  a  mere  fibrous  slip,  prolonged  upward 
from  the  supra-spinous  ligament  of  the  back  and  loins. 
"We  have  already,  in  treating  of  Daubenton's  angle 
(p.  101),  had  occasion  to  point  out  the  difference  which 
exists  between  the  human  skull  and  the  brute  skull,  with 
respect  to  the  position  and  direction  of  the  foramen  mag- 
num and  the  occipital  condyles.  We  may  here  mention, 
as  an  additional  characteristic  of  the  human  skull,  that 
the  plane  of  the  axes  of  the  orbits  is  parallel  to  the 
plane  of  the  jaw,  and  also,  in  the  erect  attitude,  to  the 
plane  of  the  horizon ;  a  disposition  which  affords  to 
vision  a  free  horizontal  range  in  the  upright  posture 
of  the  head,  but  which  would  evidently  have  the  effect 
of  directing  the  eyes  vertically  downwards,  and  so  pre- 
venting horizontal  vision,  if  the  head  were  carried  in 
the  po'sture  natural  to  quadrupeds.  In  these  latter, 
accordingly,  no  such  parallelism  is  observed,  the  plane 
of  the  orbit  forms  an  angle  with  that  of  the  jaw;  which, 
in  its  turn,  is  more  or  less  inclined  to  the  plane  of  the 
horizon.  i  • 

395.  The  basis  on  which  the  human  frame  stands  is  a 
space,  bounded  laterally  by  the  outer  edges  of  the  soles  of 
the  feet ;  behind  by  a  line  extending  from  heel  to  heel, 
and  in  front  Vjy  a  similar  hne  joining  the  toes. 

3yG.  The  centre  of  gravU)j,  m  the  erect  attitude,  must 
He  somewhere  in  the  median  plane  of  the  body.^  It  must 
also  lie  somewhere  in  the  transverse  vertical  plane 
pas.sing  through  the  centres  of  the  heads  of  the  thigh- 
\yjnns,^rjn  which  the  trunk  is  balanced.  It  must,  there- 
fore, lie  somewhere  in  the  vertical  line  in  which  these  two 
planes  intersect  each  other.  To  find  the  position  of  this 
line  of  intersection,  Weber  first  ascertained,  by  a  pair  of 
plumb-lines,  let  fall,  one  on  each  side  of  an  erect  hving 


•  The  pT^ponflf-rancf)  of  the  antorior  sopmont  of  tlio  macoratod 
slnill  'l»  r<<Tir]3  f;hi(-fly  on  the  uiioornpenRated  wcM^ht  of  llie  lower 
jaw.  Weber  fouu'l  that  a  recent  Ijea'l  with  itH  enceiihiilon  au'l  m- 
tei^menU  complete,  would  Htaiid  in  eqnilibriuiii  on  its  coiiilyles 
aJone,  when  the  face  w;w  directed  forward  and  .slightly  upward. 
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man,  opposite  the  middle  of  the  trochanter  major,  the 
points  on  the  outer  surface  of  the  body  which  the  above- 
mentioned  transverse  plane  would  intersect.  These  he 
found  to  be  opposite  the  mastoid  .processes  above,  and  the 
centres  of  the  knee  and  ankle-joints  below.  By  subsequent  i 
observation  of  a  skeleton,  he  found  that  a  plane  inter- 
secting these  points  would  also  intersect  both  ends  of  the 
spine,  passing,  at  the  upper  extremity  of  the  column, 
thi-ough  the  atlanto -occipital  joint,  and  at  its  lower 
extremity  through  the  sacro-lumbar  articulation.  But 
the  spinal  column  is  bisected  in  its  whole  length  by  the 
median  plane ;  so  that  the  required  line  of  intersection, 
containing  the  centre  of  gravity,  passes  vertically  through 
both  the  above-mentioned  joints,  and  falls  below  between 
the  feet.  Thus  much  having  been  determined,  it  only 
remained  to  ascertain  the  horizontal  plane  of  the  centre 
of  gravity;  for  which  purpose  Weber  balanced  a  plank 
across  a  horizontal  edge,  stretched  on  this  plank  the  body 
of  a  Hving  man,  and  brought  the  whole  mass  to  equili- 
brium (employing,  to  neutralize  errors,  the  well-known 
method  of  double- weighing).  It  being  now  certain,  accord- 
ing to  the  laws  of  equilibrium,  that  the  centre  of  gravity 
lay  directly  over  the  line  of  support,  the  distance  of  its 
horizontal  plane  below  the  vertex  was  found  by  measur- 
ing, on  the  edge  of  the  plank,  the  distance  from  the  line 
of  support  to  a  line  let  fall  from  the  vertex.  This  distance, 
subtracted  from  the  total  length  of  the  body,  gave  the  . 
distance  of  the  centre  of  gravity  above  the  soles  of  the 
feet ;  and  by  subtracting  from  this  again,  first,  the  height 
of  the  transverse  axis  of  the  hip-joints,  and  afterwards 
that  of  the  promontory  of  the  sacrum,  the  height  of  the 
centre  of  gravity  above  those  two  points  respectively  was 
ascertained.  The  following  Table  exhibits  the  results  of 
these  measurements  in  millimetres  ;  which  I  have  reduced, 
for  the  convenience  of  the  EngHsh  reader,  into  inches, 
and  decimal  parts  of  an  inch. 


831 


POSITION    OF   TH-E    CENTRE  OP    GRAVITY   WITH   RESPECT  TO 
TUE  VERTICAL  DIIIEXSIONS  OF  THE  BODY. 


Millimet. 

Inches. 

Total  length  of  the  body  .  . 

Distance  of  the  centre  of  gra- 
vity below  the  vertex 

Distance  above  the  sole    .  . 

Distance  above  the  transverse 
axis  of  the  hip-joints    .  . 

Distance  above  the  promon- 
tory of  the  sacrum    .    .  . 

1669-2 

721-5 
947-7 

87-7 

8-7 

65-30853 

28-406455 
37-310949 

3-454729 

0-341519 

Hence  it  appears  that  the  horizontal  plane  of  the  centre 
of  gravity  lies  only  a  fraction  of  an  inch  above  the  pro- 
montory of  the  sacrum  ;  so  that,  iu  fact,  it  traverses  the 
sacro-lumbar  articulation;  which,  being  traversed  also, 
as  we  have  seen,  by  the  median  plane,  and  by  the  trans- 
verse vertical  plane,  contains  the  common  point  of  inter- 
section of  all  three  planes  ;  that  is,  contains  the  centre  of 
gravity  of  the  body  in  well-proportioned  individuals,  while 
standing  erect. 

397.  The  position  of  the  centre  of  gravity,  however, 
varies  more  or  less  with  every  change  in  the  relative 
position  of  the  parts  of  the  body,  ascending  if  the  arms 
are  raised,  advancing  or  receding  as  they  are  thrown 
backward  or  forward,  and  foUowing  in  like  manner  the 
various  movements  and  inclinations  of  the  head,  trunk, 
and  lower  extremities.  In  all  these  postures,  it  is  essential 
to  the  stability  of  the  column  represented  by  the  trunk, 
that  a  hne  dropped  vertically  from  its  centre  of  gravity 
for  the  time  being,  should  fall  on  some  point  within  its 
ba-sis.  For  the  fulfilment  of  this  indisjwnsable  condition, 
we  stand  habitnally  with  the  feet  so  disposed  as  to  furnish 
the  most  extensive  area  of  support  that  can  be  maintained 
without  fatigue,  or  an  inconvenient  separation  of  the  legs. 
SupfK^sing  the  outside  points  a  and  h  of  the  heels  to 
coincide,  the  greatest  supporting  area  would  be  olitamed 
by  turning  out  the  toes  till  the  feet  form(;d  a  right  angle 
with  one  another.    But  as  these  points  can  never  in 
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reality  coincide,  but  must  always  be  separated  by  at 
least  double  tlie  width  of  tbe  heel,  the  feet  never  require 
to  be  turned  apart  so  far  as  to  form  a  ri^ht 
angle.  When  the  feet  are  so  disposed,  that 
the  distance  a  b  between  the  outside  points  of 
the  heels  exactly  equals  the  length  of  the  foot, 
•  .  greatest  area  of  support  will  be  obtained  by 

turning  the  feet  at  an  incUnation  of  60°  to  each  other  • 
that  18,  in  other  words,  by  turning  them  so  that  the 
lines,  c  a  and  d  h,  if  produced  to 
meet  in  e,  shall  make  the  triangle 
c  «  d  an  equilateral  triangle.  And  I 
think  it  may  be  said,  that  the  feet 
are  unconsciously,  and  as  it  were  in- 
stinctively, placed  at  or  about  this 
angle,  when  it  is  desired  to  plant 
the  body  firmly  in  the  upright  pos- 
ture. 

398.  In  standing  on  one  foot,  the  sup]3orting  area  is  of 
course  reduced  to  the  extent  of  the  sole  which  remains 
npon  the  ground,  and  the  difficulty  of  balancing  the  body 
becomes  proportionably  greater.  This  difficulty  is  in- 
creased to  its  maximum  when,  as  in  opera-dancing,  the 
heel  is  raised  from  the  ground,  and  the  body  rests  entirely 
on  the  toes  of  a  single  foot.  In  these  positions  of  difficult 
equilibrium,  the  least  displacement  of  any  one  portion  of 
the  frame  requires  to  be  compensated  by  a  precisely 
equivalent  movement  of  some  other  part  in  the  opposite 
direction,  without  which  the  centre  of  gravity  would  be 
carried  beyond  the  area  of  support,  and  the  body  would  of 
necessity  be  overthrown.  It  is  on  the  degree  of  readiness 
and  self-possession  with  which  these  compensating  move- 
ments are  executed,  and  on  the  choice  of  easy  and  appro- 
priate attitudes  for  this  nice  adjustment  of  the  weight  of 
the  body  over  a  constantly  varying  and  often  extremely 
narrow  basis,  that  what  is  called  grace  of  mien  and  deport- 
ment mainly  dej^ends;  and  it  is  in  the  conception  of 
attitudes  not  only  graceful  in  themselves,  but  really 
natural  to  different  kinds  of  actions,  and  suited  in  each 
case  to  maintain  the  equilibrium  of  the  figure,  that  the 
skill  of  the  sculptor  in  a  great  measure  consists.  Pro- 
fessor Moseley,  in  his  treatise  on  "  Mechanics  applied  to 
the  Arts  "  (to  which  useful  work  I  am  indebted  for  several 
of  the  preceding  observations),  has  introduced,  as  an  illus- 
tration of  the  comijensating  movements  by  which  the  body 
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is  balanced,  a  sketch  of  tlie  celebrated  statue  of  the  iiying 
Mercury,  by  Juan  di  ±5ologna.  The  god,  being  in  the  act 
of  springing  from  the  earth,  rests  only  on  the  extremity 
of  the  right  foot ;  the  body  and  the  left  arm  are  thrown 
forward,  and  with  them  the  centre  of  gravity  is  advanced 
bevond  the  vertical  line  passing  through  the  contracted 
basis  of  support.  To  bring  it  into  that  vertical  again,  so 
as  to  restore  the  ec^uipoise  of  the  figure,  the  sculptor  has 
represented  the  left  leg  and  the  right  arm  as  thrown  back- 
■ward  far  enough  to  counterbalance  the  weight  in  front ; 
and  it  is  evidently  by  just  such  an  action  that  the 
equilibrium  of  the  human  body  would  really,  in  similar 
circumstances,  be  maintained. 

Sy:".  The  diliiculty  of  restoring  the  equipoise  of  the 
body  when  disturbed,  may  be  increased  not  only  by  thus 
diminishing  the  extent  of  the  supporting  area,  but  con- 
versely, by  increasing  the  superincumbent  mass  while  the 
hasis  remains  the  same.    Hence  corpulent  persons  stand 
less  firmly  against  violence  than  others.    Hence,  too,  the 
ad'lition  of  a  heavy  burden  renders  it  more  difficult  to 
restore  the  equilibrium  of  the  body  when  it  has  in  any 
way  been  thrown  off  its  balance.    In  this  latter  case  the 
body,  and  the  load  which  it  supports,  form,  in  a  mecha- 
nical point  of  view,  or  so  far  as  the  riuestion  of  equilibrium 
is  concerned,  a  single  mass,  having  a  common  centre  of 
gra%-ity.    This  common  centre  of  gravity  lies  at  some 
point  in  a  line  joining  the  centre  of  gravity  of  the  man  to 
the  centre  of  gravity  of  the  burden  sustained.    If  the 
weight  of  the  burden  is  precisely  equal  to  that  of  the 
bo^ly,  the  common  centre  of  gravity  will  be  found  in  the 
middle  of  the  line  of  junction,  equidistant  from  each 
separate  centre  of  gravity.    If  the  weight  of  either  mass 
exceed  that  of  the  other,  the  common  centre  of  gravity 
will  approximate  the  heavier  of  the  two,  more  closely  in 
proportion  as  the  excess  of  weight  is  greater.    It  is  to 
bring  thin  new  centre  of  gravity  vertically  over  the  middle 
point  of  the  basis,  that  we  vary  the  po.sturc  of  the  body 
m  bearing  a  loail ;  inclining  fonoard  if  the  weight  is 
fa-stened,  like  a  pedlar's  pack,  behind  the  shoulders ; 
throwing  the  head  and  the  upper  part  of  the  trunk  back- 
vo.rd,  if^on  the  contrary,  it  hangs  in  front,  as  an  apple- 
wornan'.s  ba.sket,  a  protuberant  tjelly,  and  the  like;  bending 
loMndhj,  if  it  i.n  applied  on  one  side,  as  in  carrying  a  single 
pail  of  water;  and  histly,  keejting  the  l)ody  strictly  up- 
right, if  the  pres.Hure  act.s  directly  in  the  median  line,  aa 
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when  a  tray  is  borue  upon  the  head,  or  a  pair  of  pails 
upou  a  yoke  across  the  shoulders. 

400.  The  power  of  thus  swaying  and  iuohning  the  body 
m  every  direction,  depends  partly  on  the  mobility  of  the 
trunk,  on  the  hip-joints,  partly  on  the  flexibility  of  the 
vertebral  column  itself.    The  direction  and  extent  of  the 
movements  due  to  the  hip-joints  have   already  been 
described.  (32-1.)    The  general'  flexibility  of  the  vertebral 
column,  and  the  relative  proportions  which  the  cervical, 
dorsal,  and  lumbar  regions  respectively  contribute  to  its 
total  amount,  have  been  accurately  determined  by  Weber; 
who  states,  as  the  mean  result  of  his  observations  on  two 
subjects,  that  the  whole  range  of  the  head,  in  approaching 
the  pelvis  before  and  behind,  by  the  utmost  flexion  and 
extension  of  which  the  intervertebral,  sacro-lumbar,  and 
atlanto-occipital  joints   are   susceptible,  equals  245° ; 
of  which  amount  nearly  two-thirds  are  clue  to  the  joints 
of  the  cervical  vertebraa  with  each  other  and  vnth  the 
head,  one-third  to  the  joints  of  the  lumbar  vertebraa  with 
each  other  and  with  the  sacrum,  and  the  small  remainder 
only  to  the  joints  of  the  dorsal  region.   This  diii'erence  of 
flexibility  depends,  in  a  great  measure,  on  the  difi'erent 
shape  and  aspect  of  the  articular  processes  in  the  three 
regions.   In  the  back  they  form  joints  calculated  to  allow 
a  movement  of  torsion,  but  to  oppose  movements  fi-om 
before  backward  ;  in  the  loins  they  permit  bending  motions 
of  a  certain  extent  in  every  direction,  but  entirely  prevent 
torsion ;  while  in  the  neck  their  structure  is  such  as  to 
offer  little  or  no  impediment  to  motion  of  any  kind.  All 
the  movements  of  which  the  vertebral  column  is  thus 
suscej)tible,  are  brought  into  play  by  turns,  when  the 
body  is  balanced  in  postures  of  difficult  equilibrium. 

401.  The  cases  of  difficult  equilibrium  which  we  have 
hitherto  considered,  dejiend  on  a  change  in  the  normal 
jiroportion  between  the  bulk  of  the  supported  mass  and 
the  extent  of  the  area  on  which  it  stands ;  whether  occa- 
sioned by  enlargement  of  the  former,  or  by  diminution  of 
the  latter.  We  have  next  to  notice  a  kind  of  disturbance, 
still  more  dangerous  to  the  stability  of  the  body,  and 
requiring  for  its  compensation  a  superior  degree  of  skUl 
and  agility,  only  to  be  attained  by  much  practice ;  a  sort 
of  disturbance,  in  fact,  to  which,  for  this  very  reason, 
most  of  the  falls  that  actually  happen  are  due.  I  allude 
to  sudden  irregular  motions,  communicated  from  without, 
either  to  the  column  itself,  or  to  the  surface  on  which  it 
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rests.  Pressure,  or  percussion,  applied  directly  to  the 
body — as  in  wrestling,  boxing,  and  similar  athletic  sports 
— disturbs  the  equiUbriuni,  by  forcibly  removing-  the 
centre  of  gravity  from  above  the  basis.  Motions  im- 
pressed upon  the  supporting  surface,  such,  for  instance, 
as  the  tossing  and  roUing  of  a  ship  at  sea,  while  one 
stands  upon  its  deck — have  the  converse,  but  precisely 
equivalent  eti'ect.  of  withdrawong  the  area  of  support 
from  beneath  the  centre  of  gravity.  We  usually  oppose 
the  tendency  to  fall,  thus  occasioned,  by  putting  forth 
one  leg  (and  so  extending  the  basis  of  the  column)  in  the 
direction  iov:ards  which  the  body  is  propelled,  or  from 
■which  the  supporting  surface  is  withdrawn.  When,  how- 
ever, the  direction  of  the  disturbing  motion  is  foreseen,  and 
its  extent  inconsiderable,  it  may  often  be  counteracted  by 
a  judicious  incliuation  of  the  spine  (in  the  manner  just 
described),  without  enlargement,  or  other  modification,  of 
the  basis  of  the  body.  It  is  in  this  manner,  doubtless, 
that  a  tumbler,  standing  erect  on  the  back  of  a  running 
horse,  keeps  his  footing,  when  endangered  by  the  casual 
swerving  of  the  animal  to  either  side ;  there  being  evidently 
no  room,  in  this  case,  to  make  compensation  by  extending 
the  basis  of  the  column  laterally. 

•iu2.  We  need  hardly  dwell  at  length  upon  the  dis- 
tur'oance  of  equilibrium  which  occurs  when,  after  the 
body  and  the  supporting  surface  have  for  some  time 
moved  on  together  at  an  equal  rate,  the  motion  of  one  is 
accelerated,  retarded,  or  stopped,  while  that  of  the  other 
continues  unchanged.  In  this  case,  as  in  the  last,  the 
loss  of  equipoise  evidently  depends  on  a  change  in  the 
normal  relative  position  of  the  centre  of  gravity  and  the 
centre  of  the  supporting  area ;  and  its  restoration,  in  like 
manner,  \a  to  be  effected  only  in  one  of  two  modes  ;  viz., 
either  by  bringing  the  former  point  once  more  vertically 
above  the  latter,  or  by  replacing  the  latter  in  its  proper 
position  beneath  the  former. 

4'/!  The  liability  of  tlie  body  to  be  overthrown  by 
either  of  these  causes,  is  greatly  diminished  in  tlie  sitting 
Yi-^Xnrc;  first,  by  the  enlargement  of  tlie  basis  on  which 
the  trunk  rests;  and,  secondly,  by  the  reduction  of  the 
height  of  the  centre  of  gravity  above  the  supporting  sur- 
face. Hence,  in  sitting,  not  only  are  the  lower  e.xtreudties 
rela.xed,  but  the  vertebral  column  itself  is  held  erect  with 
less  exertion  than  usual;  for  wiiich  reason  we  lind  tiuH 
posture  one  of  comparative  repose.    Even  silting,  how- 
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ever,  if  long  continued,  ultimately  produces  fatigue; 
perfect  rest  being  only  possible  when  tbe  centre  of  gravity 
is  so  placed,  that  the  force  of  gravitation  tends  to  main- 
tain, not  to  alter,  its  position ;  a  condition  which  for  a 
jointed  framework,  such  as  the  human  body,  can  only  be 
fulfilled  in  the  horizontal  or  recmihent  posture. 

404.  Such  are  the  principal  conditions  (so  far  as  the 
skeleton  is  concerned)  upon  which  the  erect  attitude  of 
the  human  body,  and  the  maintenance  of  its  equipoise 
on  the  narrow  basis  of  the  feet,  depend.  We  may,  in  the 
next  place,  still  confining  ourselves  to  the  osteological 
point  of  view,  analyse  in  a  simUar  manner  the  several 
modes  of  progression  natural  to  man ;  such  as  walking, 
running,  leaping,  and  the  hke ;  tracing,  in  each  case,  the 
relations  which  subsist  between  the  action  accomplished, 
and  the  organ,  or  system  of  organs,  by  which  it  is  per- 
formed. 

405.  In  standing,  the  limbs  are  employed  only  to  sup- 
port and  balance  the  body ;  in  progression,  besides  per- 
forming these  functions,  they  have  also  to  act  a.s  propellers 
and  springs. 

These  four  conditions  of  locomotion  depend  for  their 
fulfilment  upon  certain  actions  of  the  limbs,  which, 
though  subject  in  each  kind  of  progression  to  partial 
modiiications,  are  in  all  cases  essentially  the  same. 

Thus,  as,  in  progression,  the  trunk  is  always  carried  at 
a  level  below  its  full  height,  the  condition  of  support 
always  depends  on  the  power  we  possess  of  stifliening  the 
limbs  when  flexed,  as  well  as  when  extended.  We  shall 
presently  find  it  a  general  rule,  that  the  body  is  sup- 
ported at  a  lower  level,  in  proportion  as  its  rate  of  jjro- 
gress  becomes  more  swift. 

Again,  the  equipoise  of  the  body,  in  progression,  is 
always  maintained  by  inclining  it  more  or  less  obHquely 
in  the  direction  of  its  advance ;  the  trunk  being,  in  fact, 
carried  and  poised  on  the  heads  of  the  thigh-bones,  as  a 
Etas'  is  carried  and  balanced,  when  it  rests,  by  one  end,  on 
a  hand  moving  more  or  less  raj^idly  forward.  If  the  staff 
were  balanced  vertically,  as  when  standing  still,  its  lower 
end  only  would  advance  with  the  hand ;  its  centre  of 
gravity  could  neither  be  at  first  set  in  motion,  nor  after- 
wards kept  moving  against  the  resistance  of  the  air. 
Hence,  the  more  rapidly  the  balance  stafl'  is  to  be  urged 
forward,  and  the  greater  the  external  resistance  (that  of 
a  contrary  wind,  for  example),  against  which  its  motion 
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is  to  be  maintained,  the  more  obliquely  miist  it  be  carried. 
So  likewise,  and  for  the  same  reason,  the  swifter  the 
motion  of  the  trunk,  and  the  denser  the  medium,  or  the 
stronger  the  current,  by  which  its  advance  is  opposed, 
the  more  oblique  is  its  position  of  equipoise  on  the  thigh- 
heads. 

FropuJsion,  again,  invariably  depends  upon  the  power 
we  possess  of  shortening  the  limbs  by  flexion  of  the  joints, 
and  afterwards  elongating  them  again,  by  a  more  or  less 
rapid  and  forcible  extension,  while  applied  against  a 
resisting  surface.  This  action  may  be  compared  to  that 
by  which  a  boat  is  propelled  with  a  pole.  The  pole  rests 
in  an  inclined  position  on  the  bottom  of  the  river,  form- 
ing, with  the  Lipi-ight  body  of  the  man,  an  acute  angle. 
The  man  then  gradually  inclines  himself,  so  as  to  bring 
the  pole  and  his  body  more  and  more  into  a  straight  line  ; 
elongating  thus  the  limb  wbich  the  two  may  be  conceived 
to  represent,  by  extension  of  the  sort  of  joiid  which  they 
form  at  their  angle. 

A  similar  uniformity  is  observed  in  the  actions  by 
which,  in  all  modes  of  progression,  the  condition  of  elas- 
ticit'j  is  fnfilled.  The  ivvpad  of  the  foot  on  the  ground 
is  always  accompanied  by  a  more  or  less  extensive  flexion 
of  the  joints  of  the  planted  limb ;  which  yields  thus 
beneath  the  concussion,  and  causes  the  force  to  be  de- 
livered gradually,  instead  of  passing  with  abrupt  and 
accumulated  violence  to  the  trunk.  This  yielding,  how- 
ever, differs  from  that  of  an  ordinary  spring,  in  two 
respects,  viz. — 

Fir.st,that  it  does  not  diminish  in  extent  as  the  amount 
of  compression  increases ; 

Secondly,  that  it  is  not  necessarily  attended  with 
recoil. 

These  distinctions,  to  which  few  physiologists,  I  believe, 
have  hitherto  directed  attention,  involve  several  con- 
sequences of  considerable  importance,  both  in  a  mechani- 
cal and  physiological  point  of  view  ;  the  consideration  of 
which,  however,  would  be  inconsistent  with  the  plan  of 
this  work,  and  will  form  the  suVy'ect  of  a  separate  paper 
on  the  mechanism  of  the  skeleton. 

4'j6.  Tliere  are  six  principal  modes  of  jirogression  ;  viz., 
walking,  running,  jumping,  creeping,  swimming,  and 
climbing  ;  of  which  the  two  first  are  adapteii  for  ordinary 
and  rj/rdinv/ivH,  and  the  remaining  four  for  occaxinnid 
nae.    Each  of  these  modes  of  progression  posscHBCs  cer- 
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tain  characters,  _  capable  of  exact  definition,  by  wbicb  it 
may  be  distinguisbed,  amidst  all  its  modifications,  from 
the  rest;  while,  on  the  other  hand,  each  alike  requires, 
for  its  secure  and  perfect  accomplishment,  the  concurrence 
of  the  four  above-mentioned  conditions.  In  each,  how- 
ever, some  one  or  two  of  these  necessary  conditions 
obtains  more,  or  less,  than  its  usual  degree  of  promiTience. 
Thus,  in  jumping,  propulsion  and  elasticity  are  particu- 
larly remarkable;  the  former  at  the  beginning,  the  latter 
at  the  end,  of  the  action.  In  walking,  on  the  contrary, 
comparatively  Uttle  elasticity  is  required,  on  account  of  the 
smaU  force  of  impact  at  each  tread.  In  running,  the  move- 
ments by  which  the  equilibrium  is  preserved,  are  strongly 
marked  ;  and  propulsion  becomes  again,  as  in  jumping,  a 
prominent  feature.  In  creeping,  on  the  other  hand,  the 
actions  by  which  the  eq^dlibrium  is  usually  maintained, 
are,  for  the  most  part,  rendered  unnecessary  by  the  en- 
largement of  the  basis  on  which  the  body  rests.  And,  in 
swimming,  the  organic  provisions  for  support,  and  for  the 
prevention  of  injurious  concussion,  are,  in  a  great  measure, 
superseded  by  the  properties  of  the  medium  in  which  the 
body  floats.  CHmbing,  however,  is  an  irregular  mode  of 
progression,  in  which  the  relative  predominance  of  the 
foxir  conditions  varies  with  every  change  in  the  nature  of 
the  obstacles  to  be  surmounted.  It  is,  however,  suffi- 
ciently distinguished,  as  we  shall  presently  find,  by  a  fifth 
constant  condition,  peculiar  to  itself. 

407.  In  all  modes  of  progression,  we  may  distinguish 
the  moving  body  into  an  active  and  ^.passive  portion — i.e., 
into  the  organs  carrying,  and  the  burden  carried.  Thus, 
in  walking,  running,  and  jumping,  the  lower  extremities 
are  the  actuating  instruments,  while  the  head,  trunk,  and 
arms,  constitute  the  passive  mass  on  which  they  act.  _  In 
creeping,  climbing,  and  swimming,  the  upper  extremities 
become  also  active  organs  of  locomotion,  the  head  and 
trunk  only  remaining  inactive.  Tliis  division,  however, 
must  be  understood  in  a  comparative,  not  an  absolute 
sense.  No  part  of  the  body  is  ever  strictly  inactive  in 
progression.  The  arms  when  not  employed  directly  to 
support  or  propel  the  trunk,  nevertheless  assist  in  main- 
taining its  equilibrium  ; — performing  for  this  purpose,  as 
we  shall  presently  explain,  certain  uniform  motions,  in  a 
regular  order  of  succession.  The  preservation  of  the 
equilibrium  moreover  requires  in  many  instances  certam 
changes  in  the  position  and  inclination  of  the  head  and 
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trimk,  by  which  the  vertebras  of  the  neck  and  loins  are 
necessarily  brought  into  play.  Ou  the  other  hand,  it  may 
be  observed  that  in  all  modes  of  progression  the  organs 
of  locomotion,  usually  distinguished  as  active,  are  relaxed 
at  certain  intervals,  and  themselves  become  passive 
masses,  adding  their  weight  to  that  of  the  burden  sus- 
tained. With  these  reservations,  however,  the  division  in 
question  may  be  adopted  without  danger  of  error  or  mis- 
understanding ;— and  it  will  be  useful  in  suggesting  some 
well-marked  distiuctions  between  the  several  modes  of 
proerression. 

■408.  Thus,  in  walking  and  running,  each  leg  is  alter- 
nately active  and  passive — one  swinging,  relaxed  from 
the  trunk,  which  at  the  same  time  carries  it  forward, 
while  the  other  is  actively  eugaged  in  _  successively  ful- 
filHng  the  four  conditions  of  progression  ;  viz.,  at  the 
moment  of  impact,  in  imparting  the  required  elasticity 
to  the  tread  ;  subsequently  in  balancing  and  supporting 
the  body  on  the  narrow  basis  of  the  planted  foot ;  and, 
lastly,  towards  the  end  of  the  step,  in  pressing  back- 
ward against  the  ground,  so  as  to  urge  the  whole  mass 
forward. 

In  jnmijing,  on  the  contrary,  no  such  alternation  is 
observed.  In  this  mode  of  progression  the  legs  are 
simultaneously  active,  first,  as  propellers,  to  give  the 
body  a  projectile  motion,  subseciuently  as  springs  to 
break  its  fall ;  and  they  are  simultaneously  passive  and 
relaxed,  during  their  flight  with  the  body  through  the 
air. 

In  svtimraing,  as  in  jumping,  the  legs  move  together  ; 
and  their  action  is,  moreover,  simultaneous  with  that 
of  the  arrns ;  the  preparation  for  a  stroke,  and  the  act 
of  striking  itself,  being  performed  by  the  four  members 
at  once. 

Crec.i>va'j  resembles  in  this  respect,  the  progression  of 
qnadruf^eds.  The  motion  of  each  pair  of  limbs,  con- 
sidered .separately,  is  alternate,  like  that  of  the  legs  in 
walking.  The  motion  of  either  thoracic  limb  also  alter- 
nates with  that  of  the  pelvic  extremity  of  the  same  side 
— the  former  being  advanced  to  take  a  new  step,  while 
the  latter  is  stretched  backward  in  propulsion.  The  motion 
of  each  thoracic  limb  is  neither  alternate,  nor  yet  strictly 
frimnltaneons,  with  that  of  the  opposite  pelvic  hmb ; 
each  action  of  the  former  slightly  preceding  the  similar 
action  of  the  latter ;  the  obrject  bemg  to  rest  as  long  as 
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possible  m  each  step  on  three  limbs.  That  kind  of  creep- 
ing m  which  the  belly  rests  upon  the  ground  has  in  this 
respect  considerable  analogy  with  swimming,  that  the 
trunk  is,  in  both  instances,  in  immediate  contact  with  the 
sustaining  surface,  the  earth  affording  it  in  the  one  cahc 
that  direct  support  which  in  the  other  it  derives  from  the 
water. 

GUmhing  is  in  this  respect  (as  indeed  in  almost  every 
other)  a  variable  mode  of  progression  ;  being  performed 
by  motions  of  the  limbs  which  are  either  alternate,  or 
simultaneous,  or  wholly  irregular,  as  circumstances  may 
require.  Climbing,  however,  is  essentially  characterized 
by  the  prehensile  action  of  the  hands,  and  the  general 
substitution,  in  the  upper  estremities,  of  traction  for 
iwoimlsion,  that  is,  of  the  shortening  of  the  limbs  by 
flexion  for  their  elongation  by  extension,  as  a  means  of 
advancing  the  body.  The  lower  extremities  may,  or  may 
not,  be  used  in  climbing ;  but  one  cannot  be  said  to  clinih 
unless  some  fixed  object  be  from  time  to  time  grasped 
with  one  or  both  hands ;  and  the  body  be  whoUy,  or  in 
part,  suspended  from,  or  drawn  towards,  the  point  of 
resistance  so  obtained.  Provided  that  this  condition  be 
fulfilled,  climbing  takes  place,  whether  the  body  move 
upward  or  downward,  as  in  ascending  or  descending  a 
tree,  or  horizontally,  as  along  a  rope  stretched  in  that 
direction  ; — whether  the  actions  of  the  limbs  be  hregnlar, 
as  in  the  first-mentioned  case,  or  equally  uniform  with 
those  of  walking,  as  when  we  go  up  a  ladder  or  the 
shrouds  of  a  ship.  (Hence,  in  mounting  an  easy  stair- 
case, without  using  the  bannisters,  one  is  said  to  ivalk 
or  run  up  ;  but  in  ascending  a  steep  and  difficult  flight, 
when  one  partly  also  advances  by  grasping  and  drawing 
with  the  hands  and  arms,  the  mode  of  progression,  though 
in  other  respects  unaltered,  is  converted  into  clim.hing.) 

409.  The  four  last-mentioned  modes  of  progression 
which  we  have  distinguished  as  occasional,  are  considered, 
with  justice,  of  less  imiDortance  than  walking  and  rim- 
ning  :  nevertheless  they  claim  a  share  of  our  attention, 
because,  though  suited  only  to  circumstances  which,  with 
us,  are  comparatively  rare  and  exceptional,  they  are  in 
constant  requisition  among  uncivilized  races  of  men,  who 
are  compelled,  by  the  wildness  of  the  regions  they  in- 
habit, their  warlike  and  predatory  habits,  and  their 
dependence  for  food  upon  the  chase,  to  adopt  by  turns 
every  possible  kind  of  locomotion. 
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410.  And  this  leads  us  to  observe  that  it  is  possible  to 
adviince  by  certain  secondarj^  or  intermediate  modes  of 
proijression.  each  partaking  of  the  characters  of  some 
t\vo°of  the  six  above  mentioned.  Thus,  the  motions  of 
the  diver,  who  propels  himself  by  meaus  of  the  ground, 
deriving  at  the  same  time  his  principal  sii2)port  from  the 
pressure  of  the  water,  constitute  a  mode  of  progression 
evidently  intermediate  between  vmlhing  and  sioimmmg. 
There  is  also,  as  we  shall  presently  find,  a  pace  (called 
the  storniiuj-pace)  exactly  intermediate  between  walking 
and  rnaniiiq.  So  again,  when  we  ascend  a  steep  hill  on 
all-fours,  using  the  upper  extremities  partly  as  prehensile 
and  tactile  organs,  partly  in  the  manner  of  legs  for 
ordinary  propulsion,  our  progression  evidently  partakes 
in  an  ecpial  degree  of  the  characters  of  creeping  and 
clinihing.  And  lastly,  the  act  of  gliding  over  level  ice 
(considered  separately  from  the  run  by  which  uupetus  is 
previously  acc[uii-ed)  may  be  regarded  as  a  sort  of  transi- 
tion between  standing  and  progression;  all  parts  of  the 
body  being  stationary  in  relation  to  each  other,  but^  m 
a  state  of°rapid  motion  with  respect  to  the  supportmg 
surface. 

411.  AH  these  modes  of  progression,  whether  primary 
or  compound,  may  be  assisted,  with  respect  to  one 
or  more  of  the  four  essential  conditions,  by  artlfictal 

o.ids.  .  1  T 

Thus,  to  diminish  the  labour  of  supporting  the  body, 
the  walker  may  use  a  staff  or  crutch.    So,  too,  the  swim- 
mer rciay  avail  himself  of  a  floating  plank,  or  other 
buovant  object,  to  compensate  for  the  difference  m  specifac 
oravity  between  his  body  and  the  water.    Stilts  quicken 
the  pace  by  lengthening  the  legs,  and  giving  them  a 
wider  .span  over  the  ground.    The  leaping-polo,  agam,  is 
a  .sort  of  artificial  hmb,  which  supports  the  leaper  s 
body  during  its  flight  through  the  air,  and  lengthens 
con.Hiderably  the  range  of  his  leap.    The  velocipede  is,  to 
the  runner,  what  the  plank  on  which  he  floats  is  to  the 
swirnrner;  both  as.si.st  progression  by  relieving  the  limbs 
from  the  labour  of  supporting  weight,  and  V)y  enabling 
them  to  throw  m  much  the  more  force  into  the  actions  of 
jrropuUirm.  „ 
The  smooth  iron.s  fastened  to  the  feet,  by  the  use  ol 
which  dijUwj  is  converted  into  skating,  are  artifi(;iiil  aids 
to  locomotion  not  analogous  in  their  mode  of  iiclion  to 
any  of  those  above  mentioned.    The  practical  utility 
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and  important  capabilities  of  the  singular  mode  of  pro- 
gression m  which  they  are  employed,  appear  to  have 
been  much  underrated  by  physiologists ;  who,  wMle  they 
have  taken  the  pains  to  analyse  the  actions  of  jumpint^ 
and  swimmmg,  with  several  others  of  minor  significance! 
have  entirely  overlooked  skating.  Yet,  in  cold  countries, 
this  art  IS  employed  not  merely  as  an  agreeable  exer- 
cise, but  as  an  ordinary  means  of  travelling  fi-om  place 
to  place;  and  there  can  be  no  doubt  that,  under 
favourable  circumstances,  it  is,  of  all  modes  of  transit 
resultmg  from  the  direct  apphcation  of  the  human  loco- 
motive organs,  the  simplest,  the  easiest,  and  the  most 
expeditious. 

412.  If,  now,  instead  of  the  more  or  less  perfect  artifi- 
cial fulfilment  of  one  or  two  of  the  essential  conditions  of 
locomotion,  we  conceive  a  complete  realization  of  all  the 
four  by  adventitious  aids,  if,  for  instance,  we  conceive  the 
velocipede  of  the  runner  not  only  to  support  his  body,  but 
also  to  be  itself  rendered  elastic  with  springs,  kept  in 
equipoise  by  additional  wheels,  and  propelled  by  the  ap- 
phcation of  some  external  power  ;  we  pass  the  boundary 
between  active  and  passive  locomotion,  and  arrive  at  the 
notion  of  riding.  _  The  case  of  riding,  thus  understood,  is 
beyond  the  province  of  physiology ;  the  person  so  con- 
veyed being,  with  reference  to  progression,  equivalent 
only  to  a  mass  of  inanimate  matter.    Biding,  however, 
on  the  bach  of  a  horse  or  other  animal,  is  a  case  of  mixed 
progression,  in  which  the  rider  is  partly  active,  partly 
passive,  with  respect  to  the  conditions  of  support,  equipoise, 
and  elasticity ;  while  the  fourth  condition,  that  namely  of 
propulsion,  is  entirely  fulfilled  by  the  animal.    If,  indeed, 
we  consider   the  horse  and  his  rider  collectively,  as 
forming  one  moving  body,  we  shall  perceive  that  the 
fulfilment  of  all  these  conditions  is  exclusively  due  to  the 
former.    But  if,  on  the  other  hand,  we  attend  separately 
to  the  rider,  we  observe  that  he  is  by  no  means  passive, 
but  engaged  in  the  execution  of  a  series  of  movements, 
varying  with  every  change  of  the  animal's  pace,  yet 
haying  for  their  common  object  to  maintain  the  cquili- 
hrium  of  the  body,  to  preserve  it  by  clastic  yielding  from 
concussion,  and  to  support  it  at  an  angle  of  inclination 
proportionate  to  the  speed  of  the  motion.    'V\1ien,  indeed, 
these  exertions  of  the  rider  have  to  encounter  the  con- 
trary efforts  of  the  animal  to  relieve  himself  from  his 
burden,  this  mode  of  progression  becomes  even  more 
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faticruin-  than  .valking  or  nmmiig.  It  is  more  iisual, 
however!  to  find  the  motions  of  the  horse  and  man  m 
Sect  Accordance  ;  as  when,  for  instance,  m  turning  a 
Corner  at  a  rapid  pace,  they  both  incline,  mstmctwely  and 
SLneouslv,  towards  the  ceutve  o,  the  curve  descnbe^^^ 
for  the  purpose  of  counteracting  the  centrifugal  loice  by 
?hich  thek  common  equilibrium  would  otherwise  be 

'"Ss.^It'is  evident  that  the  steps  of  the  transition  by 
which  runninn  thus  finaUy  passes  into  mZmj/,  have  an 
r.act  counterpart  in  those  by  which  su-immi.^O  passes 
Sto  Vnu*'7;  the  supporting  plank,  somewhat  widened 
^nd  ho  owed,  becoming  a  cm.oe,  which  may  be  poised  hj 
Sast  and  propelled  by  the  wind.  In  each  case  orriamo 
Son  is  gradually  superseded  by  the  progressive  mtro- 
dnction  of  i/iec/ia>u't'aZ  aid. 

TU    Lastly,  as  the  various  modes  of  progression  are 
thus  in  many  cases,  facilitated  by  the  employment  of 
axtihcial  .uZsf  so  their  difficulties.        --^^^^f  V,", 
tionally  increased  by  the  introductmn  of  ^^^^^T^ 
m^rds    This  happens  in  many  athletic  sports  and  tnals 
of  adhty  or  skill     Sometimes,  for  example,  we  refram 
pu^Selv  from  the  use  of  one  or  more  of  our  hmbs  ;  as  m 
Ein^f'with  one  leg,  swimming  with  one  hand,  and  the 
like     Or  we  may  reverse  the  proper  functions  of  the 
HmbB-   as  in  walkmg  on  the  hands   while  the  legs, 
Sended  in  the  air,  are  employed  to  balance  the  body. 
Or  a-ain,  we  may,  in  running,  pass  a  coixl  between  the 
feet  and  the  ground  at  each  step,  as  m  the  exercise  of 
;^>P^,K;.     Or  we  may  whirl  round  as  we  a,dvance,  still 
Saiitaining  the  equilibnum  of  the  body,  as  in  rrafem^  ; 
or  move  in  a  prescribed  figure,  executing,  at  the  same 
?im.  particular  evolutions  with  the  feet,  as  m  the  several 
varieties  of  dancing.    Kone  of  these  exercises  are  unin- 
teresting to  the  physiologist,  who  discovers  "i  them  all 
more  or  les..  striking  evidence  of  the  varied  capabilities  o£ 
Sie  Wly,  and  of  the  precision  of  action  to  which  the  limbs 

may  be  trained.  .  ■  ^-Uo. 

Ar>.  In  this  rapid  but  comprehensive  ^^view  of  the 
Bubi.r:t  of  progression,  we  hav<.  noticed,  first,  the  four 
neresKary  conditions  con.mon  to  nil  its  vaneties  ;  secondly 
the  leading  characteri.stics  of  its  six  pnn'^U'al  niodes  and 
of  the  combinations  and  modifications  of  which  they  are 
suHceptible;  and  finally,  the  artificial  aids  and  impedi- 
ment.H,  by  the  gradual  introduction  of  wluch  the  loco- 
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motive  organs  come  at  last  to  be  exerted,  on  the  one  hand 

Lte    TT'T  ^'''^  ^ 
sitfor\w?f/    /•I'-T'"'*"'*  P^^'^^^^'      the  former  tran- 
sition, into  artificial  conveyance ;   by  the  latter  into 

■    is  f  ^p^oial)  a,Metic%ports.    Inrnished  with  this 
usehil  preliminary  knowledge,  we  may  next  proceed  (stiU 

m  detail  the  comphcated  actions  of  progression-  and 
especially  those  by  which  its  two  most  important  mo'des- 
yiz.,  ^oalk^nc|  and  running,  are  performed;  and  for  this 
purpose  we  shall  constantly  avail  ourselves  of  the  valuable 
experimental  and  theoretical  investigations  of  W.  and  E 
Weber,  to  whose  work  (entitled  MechaniJc  der  Mensch- 
referred  "^"^^"^  already  several  times 

416.  The  object,  in  walMng,  is  to  keep  the  body  moving 
at  a  rate  as  nearly  as  possible  imiform,  in  aline  as  nearly 
as  _  possible  horizontal.  In  order  to  understand  how  this 
object  is  accomphshed,  we  must  consider,  first,  the  series 
ot  movenients  performed  by  the  locomotive  organs  at  each 
step,_  and  the  direction  in  which  the  force  they  exert  is 
applied  to  the  trunk;  and  secondly,  the  external  forces 
which  act  on  the  body  in  walking,  and  concur  with  the 
^^1*;^^''  ^^''^  production  of  the  observed  effect. 

417.  Each  leg  is  planted  on  the  ground  during  one  step, 
and  swings  m  the  air  during  the  next ;  so  that,  to  trace 
Its  entire  action,  we  must  follow  it  through  two  consecu- 
tive steps.  As,  however,  one  leg  is  in  the  act  of  swinging 
m  the  air,  while  the  other  is  resting  on  the  ground,  the 
two  together  exemplify  the  whole  series  of  movements  in 
each  single  step. 

418.  The  leg  that  we  set  forward  in  taking  a  step, 
advances  at  its  upper  extremity,  by  turning  below  on  the 
planted  foot,  first  at  the  ankle-joint,  and  afterwards  on 
the  ball  of  the  great  toe ;  in  which  advance  the  trunk, 
resting  on  its  upper  end,  necessarily  participates.  During 
this  action  there  is  an  instant  when  the  direction  of  the 
limb  (represented  by  a  line  drawn  from  the  centre  of  the 
head  of  the  femur  to  the  centre  of  the  surface  which,  for 
the  time  being,  touches  the  ground)  is  exactly  vertical  ;— 
that  IS  to  say,  when  the  head  of  the  advancing  femur 
arrives  directly  over  the  planted  foot.  During  the  period 
which  precedes  this  moment,  the  foot  is  in  advance  of  the 
body,  and  the  direction  of  the  leg  is  from  the  trunk  down- 
ward imd.  forward ;  during  the  subsequent  period,  the  foot 
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is  left  behind  by  thetninlc  in  its  adyance,  and  the  direction 
of  the  leg  is  downward  and  had; ward.  If,  throughout 
these  two^periods  of  the  advance,  the  knee-joint  remained 
in  a  posture  of  extension,  and  the  length  of  the  limb 
underwent  no  change,  its  upper  end  would  describe  a 
curve,  rising  during  the  first  period,  descending  during 
the  second.  In  a  leg  of  ordinary  length,  and  in  walking 
at  a  moderate  rate,  this  alternate  rise  and  fall  would 
amount  to  upwards  of  two  inches— through  which  space 
therefore  the  trunk  would  have  to  be  lifted  at  every  step  ; 
to  the  great  waste  of  muscular  force,  and  the  unnecessary 
fatigue"  of  the  walker.  The  means  of  obviating  such  an 
evil  and  of  rendering  the  advance  of  the  trunk  perfectly 
horizontal,  consist  in  simply  flexing  the  joints  so  as  to 
shorten  the  hmb,  during  the  first  period  of  its  advance  (or 
while  approaching  the  vertical  position)  ;  and  lengthening 
it  again  (by  extension  of  the  joints  previously  flexed) 
during  the  second  period  of  its  advance  (or  while  passmg 
further  and  further  beyond  the  vertical).  This  alternate 
shortening  and  lengthening  of  the  hmb  really  takes  place ; 
so  that  the  body  of  a  good  walker,  advancing  at  a  medium 
rate,  moves  nearly  in  a  horizontal  line.  The  slight  rise 
and  fall  actually  observed  at  each  step,  depend  chiefly,  I 
think,  on  a  certain  yielding  of  the  planted  leg  at  the 
moment  of  impact  necessary  to  give  lightness  and  elasti- 
city to  the  tread.* 

410.  During  the  first  period,  or  before-  arriving  at  the 
vertical  position,  the  leg  offers  to  the  trunk  a  resistance, 
the  direction  of  which  is  obliquely  upward  and  backward; 
so  that,  while  it  opposes  the  faU  of  the  trank,  it  also  acts 
m  a  certain  degree  as  an  obstacle  to  its  advance.  At  the 
moment  of  reaching  the  vertical,  the  leg  sustains  the 
whole  weight  of  the  trunk,  and  ceases  to  oppose  its  hori- 
zontal advance.  In  passing  the  vertical  position,  and 
entering  on  its  second  period,  the  leg  begins  to  propel. 
The  more  the  leg  shortens  during  the  first  period,  the 
more  will  it  lengthen  during  the  second,  and  the  more 


•  Ihc  a/lvantajfo  of  this  j-idding,  and  tlio  amount  of  concussion 
from  which  it  sav.-s  tho  trunk,  is  illustratod  by  the  vibration  which 
is  rommuni(;,iti:d  to  tho  floor  of  a  room  if  one  wiiilis  acruss  it 
with  an  intda.Htic  tn-ad.  And  tlif;  compantti vo  casc^  wliicli  wo  feel 
in  walking  on  turf,  aris'-H,  doubtless,  in  a  ^reat  measure,  from  tho 
jt/,r;n-/.n'-.«  which  it  imports  to  the  tread,  and  the  imjiiortidiiably 
mv/'jtUt  r  carriage  of  the  trunk. 
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propelling  force  mil  it  thus  be  able  to  exert.  Again  the 
more  obliquely  the  leg  is  stretched  backward  from  the 
trunk,  while  propelling,  the  more  effectively  will  its  force 
be  applied  m  accelerating  the  motion  of  the  body.  These 
two  principal  conditions  of  swift  walking,  themselves, 
depend  (other  things  being  equal)  on  the  level  at  which 
the  body  is  carried.  In  ordinary  walking  the  body  is 
earned  at  twenty-five  millimetres  (Weber),  or  nearly  an 
inch,  below  its  level  in  the  erect  attitude.  It  is  evident 
that  the  greater  this  depression  of  the  trunk  becomes,  the 
more  must  the  leg  be  bent  while  standing  vertically  under 
it,  and  the  more  must  the  position  of  the  limb  approach 
the  horizontal  when  it  is  stretched  backward  at  its  full 
length  in  propulsion. 

420.  Such  are  the  movements  of  the  leg  which  is 
planted  in  advance.  While  they  are  performed,  the  leg 
which  remained  behind  at  the  beginning  of  the  step,  also 
executes  certain  movements,  which  come  next  to  be 
considered. 

421.  During  the  first  period,  while  the  advanced  leg  is 
preparing,  by  gradual  flexion,  to  propel,  the  hinder  leg 
remains  in  contact  with  the  ground.  Precisely  at  the 
moment  when  the  advanced  leg  reaches  the  vertical,  and 
is  able  to  sustain  the  whole  weight  of  the  body,  the  hinder 
leg  quits  the  ground,  and  becomes  a  passive  appendant 
to  the  trunk.  Immediately  afterwards,  as  the  advanced 
leg,  having  past  the  vertical,  begins  to  propel,  the  hinder 
leg  begins  to  swing  forward,  turning,  like  a  pendulum,  at 
the  hip-joint,  and  partaking  at  the  same  time  in  the 
movement  of  translation  of  the  body  in  general.  Before 
the  advanced  leg  has  completed  its  second  period  and 
ceased  to  projDel,  the  hinder  leg  has  swung  far  enough 
forward  to  be  planted  in  advance  ;  forming  thus  the  com- 
mencement of  a  new  step,  during  which  it  executes,  in  its 
turn,  the  first  described  series  of  movements. 

422.  Propulsion  is  thus  kept  up  without  intermission 
in  walking,  the  hinder  leg  in  each  step  not  ceasing  to 
urge  the  body  on,  till  the  leg  planted  forward  has  reached 
the  vertical,  and  (having  completed  its  retarding  period) 
is  ready  to  take  n-p,  in  its  turn,  the  proijelling  action. 
Hence  we  learn  that  there  is  a  certain  jieriod  of  each  step, 
in  walking,  during  which  the  body  is  in  connexion  with 
the  ground  by  two  legs  at  once,  one  lengthening  and  pro- 
pelling, the  other  shortening  and  preparing  to  propel; 
the  former  tending  to  accelerate  the  body,  the  latter 
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offerincT  a  resistance  which  constitutes  the  principal  check 
to  its  prot^ress.    But  though  for  a  part  of  each  step  both 
letrs  are  at  once  on  the  ground,  there  is  no  period  m 
walking  during  which  they  are  both  at  once  in.  the  air. 
In  running  it  is  just  the  reverse;  there  is  a  period  in  each 
step,  during  which  both  legs  are  at  once  in  the  air ;  but 
no  period  in  which  they  simultaneously  touch  the  ground. 
This  constitutes  the  essential  difference  between  walking 
and  running.    As  we  quicken  our  space,  in  walking,  the 
period  during  which  both  legs  touch  the  ground  at  once, 
gradually  becomes  shorter,  till  at  the  quickest  walking 
one  leg  is  taken  up  almost  as  soon  as  the  other  is  set 
down."  Again,  as  we  slacken  our  pace,  in  running,  the 
period  dunng  which  both  legs  are  off  the  ground  at  once, 
and  the  body  moves,  like  a  projectile  unsupported  through 
the  air.  gradually  shortens,  till  at  the  slowest  running  its 
length  is  scarcely  appreciable.  Thus  walking  and  running 
gradually  approximate  in  character,  as  the  latter  becomes 
slower,  and  the  former  more  swift.    There  is  a  pace  in 
which  one  leg  is  taken  up  at  the  very  instant  the  other  is 
set  down ;  which  pace,  possessing  thus  neither  the^  ]3eriod 
peculiar  to  walking,  nor  that  which  is  characteristic  of 
running,  must  be  regarded  as  a  transitional  pace  exactly 
intermediate  between  these  two  modes  of  progression. 
By  the  least  slackening,  this  pace  passes  into  walking ; 
one  leg  being  taken  up  a  little  after  the  other  is  set  down; 
80  that  a  period  of  appreciable  length,  in  which  both  touch 
the  ground  together,  again  exists.    On  the  other  hand,_by 
the  least  quickening,  this  pace  is  converted  into  running 
—one  leg  being  taken  up  a  little  before  the  other  is  set 
down ;  so  that  the  period  in  which  both  are  simultaneously 
in  the  air,  re-appears.  In  this  pace,  which  we  have  already 
alluded  to  as  the  Htorrainrj-mi.ce,  (and  which,  I  beheve,  is 
called,  in  pedestrian  matches,  walking  toe-and-lteel.)  the 
trunk  in  carried  in  a  very  incHned  position,  and  con- 
siderably below  its  ordinary  level:  the  leg  is  set  down 
vertically,  in  a  posture  of  dcmi-flexion,  so  as  to  l)e  ready 
to  lA-gin  to  support  and  pnjpel  the  trunk  directly  it 
touches  the  ground.    And  it  stretches  further  Ijackward 
in  propul.sion,  on  account  of  the.  lower  level  of  tlic  trunk, 
80  as  to  span  over  a  greater  distance  than  in  walking. 
It  is  also  lengthened  more  rapidly,  by  a  quicker  and  more 
forcible  action  of  the  extensors ;  so  that  while  the  .'.-prfcc 
traversed  at  each  step  is  increased,  the  ti,ar.  occupied  in 
the  transit  i.s  diminished.    (It  is  a  curious  fact,  ciiually 


34.8       INFLUENCES  WHICH  AFFECT  WALKING. 


true  for  walking  and  running,  that  the  duration  of  onr 
steps  always  dimmislies  as  their  leiifjili  increases;  so  that 
as  we  advance  faster,  we  take  a  greater  number  of  steps, 
^^7^^  ^1  a  greater  distance,  in  a  given  time.) 

The  propelling  force,  at  whatever  pace  we  walk, 
acts  on  the  trunk  m  a  direction  more  or  less  obhquely 
iorward  and  upward.  In  order  to  understand  how  a  force 
so  applied  can  produce  and  maintain  horizontal  pro- 
gression, we  must  consider  the  other  influences  which  act 
on  the  body  m  walking,  and  ascertain  the  precise  manner 
and  degree  m  which  they  affect  its  motion. 

424'.  Five  influences  act  on  the  body  in  walking,  inde- 
pendently of  the  force  of  the  propelling  limb ;  viz.,  first, 
its  own  previously-acquired  JWOHieiiiKm,  which  would  keep 
it  naovmg  at  a  uniform  rate  in  the  same  dii-ection  for  ever, 
without  further  propulsion,  if  there  were  no  retarding  or 
disturbing  influences  ;  2ndly,  the  force  of  gravitation,  tend- 
ing to  draw  it  vertically  downward;  3rd'ly,  the  resistance 
of  the  advanced  limb  during  its  first  or  retarding  period ; 
4thly,  the  res istoiice  of  the  air;  and,  -Sthly,  the  gliding- 
fnction  of  the  joints,  and  the  rolling-friction  of  the  sole  of 
the  foot  against  the  ground.    The  retarding  influence  of 
iriction  is,  in  all  modes  of  progression,  comparatively  so 
msignificant,  that  it  need  not  be  taken  into  account. 
The  resistance  of  the  air  in  ordinary  walking  requii-es  a 
constant  expenditure  of  force  about  equal  to  that  of  a 
pound  weight,  moving  at  the  rate  of  six  or  seven  feet 
per  second ;  which,  in  reference  to  the  whole  amount 
of  resistance  overcome  in  walking,  is  also  quite  incon- 
siderable;  and  may,  therefore,  like  the  friction,  be  for 
the  present_  disregarded.     We  have  here,  therefore, 
only  to  consider  the  operation  of  gravity,  of  momentum, 
and  of  the  retarding  leg.    The  gravity  of  the  trunk  is 
opposed,  during  the  period  in  which  both  legs  touch  the 
ground,  by  their  conjoint  action,  the  support  afforded  by 
the  advanced  limb  being  combined  with  a  retarding  in- 
fluence, that  of  the  hinder  limb  with  a  propelling  action. 
At  the  beginning  of  this  period  of  the  step,  the  propel- 
ling force  exei'ted  is  rather  less  than  the  resistance  ;  so 
that  the  body,  at  the  same  time  that  it  is  supported,  is 
also  retarded  a  little.     At  the  instant  when  the  leg 
reaches  the  vertical  position,  the  body  is  supported  with- 
out either  acceleration  or  retardation.    When  the  leg 
]iassos  the  vertical,  the  action  is  entirel}'  changed.  The 
hinder  leg  being  now  lifted,  the  body  is  supported  eutu*ely 


MAINTENANCE  OF  EQUILIBRIUM.  349 


on  one  leg,  whicli  stretches  obliquely  downward  and  back- 
ward, lengthening  meanwhile  so  as  to  urge  the  body  in 
the  opposite  direction.  At  each  instant  of  this  period  the 
force  ot  gravity,  and  the  previously  accpired  momentum 
of  the  body,  acting  at  right  angles  to  each  other  (the 
former  downward,  the  latter  forward),  give  the  trunk  a 
tendency  to  move,  not  in  the  direction  of  either  separate 
intluence,  but  in  that  of  their  diagonal  resultant ;  repre- 
sented by  a  line  drawn  obhquely  downward  and  forward 
from  the  centre  of  gravity  to  the  ground,  at  an  angle 
varying  with  the  speed  of  progression*  But  as  the  body, 
thus  tending  at  each  moment  to  move  obliquely  doiviiivard 
and  foru-ard,  receives  also,  at  each  moment,  from  the  pro- 
pelling leg,  an  impulse  obliquely  wpivard  and  forvjard,  it 
■5s-ill  obey%oth  these  forces  conjointly,  by  moving  in  the 
direction  of  their  diagonal  resultant ;  that  is  to  say,  hori- 
zontallij  fnrward.  The  propelling  action,  during  this 
period  of"  the  step,  meets  with  no  other  resistance  than 
that  of  friction,  and  of  the  air  ;  and  as  it  greatly  exceeds 
these,  it  accelerates  the  motion  of  the  body,  till  the  swing- 
ing lejr  is  planted  forward  ;  when  the  retarding  operation 
be'tdns  again,  and  the  whole  series  of  actions  just  de- 
scnbed  i.^ repeated.  Thus,  as  the  motion  of  the  body  is 
not  perfectly  horizontal,  so  neither  is  its  rate  strictly  uni- 
form, in  walking  ;  it  rises  and  falls  a  little,  and  it  also 
undergoes  alternate  acceleration  and  retardation,  at  each 

step.  1  .  1  • 

4-25.  Such  is  the  series  of  movements  by  which,  m 
walking,  the  conditions  of  siqjport,  prcqmlsion,  and  elas- 
ticibj  are  fulfilled.  The  motions  by  which  the  eipdpoise 
of  the  body  is  maintained  are  easily  understood.  As  each 
foot  alternately  becomes  the  basis  of  support,  the  vertical 
line  of  the  centre  of  gravity  must  be  made  to  fall  within 
its  area,  either  by  a  swaying  of  the  trunk  to  one  side  ;  or 
by  a  contrary  inclination  of  the  foot,  in  the  act  of  stepping, 
towards  the  median  plane  ;  or  by  a  combination  of  both 
these  movements.     Skilful  walkers  adopt  the  last-men- 


•  The  \)fAy  would,  if  n-ally  sufffired  to  fall  to  tlic  ground  in 
walking,  deiScriV;  a  parabolic  curvo  in  its  dcsoeut,  becauso  gravi- 
tation  is  an  af;Cf:lerating  force.  Jiut  its  tcndiuicii,  lii'foiTj  actually 
beginning  to  fall,  is  to  move  in  a  tangent  to  the  first  point  ot  such 
a  cnrve  ;  and  this  lendiTirn,  vf\\\\  whicli  alone  we  are  here  con- 
Cirned  (as  the  Jx»dy  in  walking  never  aetually  falls  to  the  ground) 
is  accurately  represented  V)y  a  stniight  lino  drawn  diagonally  in  tho 
diniction  mentiotied  in  tho  text. 
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tioned  method,  in  which,  while  the  foot  is  not  moved  in- 
wards inconveniently  on  the  one  hand,  the  lateral  motion 
of  the  trunk  is  not  awkwardly  extensive  on  the  other. 
Sailors,  in  consequence  of  their  habit  of  walking  the  deck 
with  their  legs  separated,  so  as  to  be  prepared  for  the 
tossing  of  the  ship,  learn  to  balance  themselves  almost 
entirely  by  swaying  the  body  from  side  to  side— whence 
their  clumsy,  rolling  gait. 

426.  The  motions  of  the  arms  in  walking  are  perfectly 
regular  and  uniform  ;  and  their  purposE  becomes  obvious 
when  they  are  considered  in  connexion  with  the  action  of 
the  legs.  While  the  right  leg  swings  forward,  the  right 
arm  is  swung  backward  and  the  left  forward.  While  the 
left  leg  swings  forward  the  left  arm  is  swung  back- 
ward and  the  right  forward.  The  effect  of  swinging 
the  right  leg  forward  would  be  to  cause  the  trunk  to 
rotate  horizontally  on  the  head  of  the  femur  of  the 
supporting  leg,  so  that  the  right  side  of  the  body 
would  advance  beyond  the  left.  By  swinging  the  right 
arm  backward  and  the  left  arm  forward,  the  trunk  ac- 
quires a  tendency  to  rotate  on  the  planted  leg  in  exactly 
the  opposite  direction.  This  tendency  neutrahzes  the 
other;  and  the  result  is,  that  both  sides  of  the  trunk 
advance  together,  when  walking  is  skilfully  performed,  at 
an  equal  rate  ;  neither  side  passing  forward,  at  any  time, 
beyond  the  other. 

427.  Since,  in  walking,  one  leg  is  always  set  down 
Before  the  other  is  taken  up,  the  length  of  our  steps  in 
this  mode  of  progression  has  a  natural  fixed  Umit,  deter- 
mined by  the  sjDan  of  the  legs.  The  object  of  running, 
which  we  may  next  proceed  to  consider,  is  to  enable  us  to 
traverse  at  each  step  a  space  not  thus  hmited  by  the  span 
of  the  legs,  but  depending  only,  as  to  its  extent,  on  the 
degree  of  propelling  force  which  the  Umbs  are  able  to 
exert.  This  object  is  attained  by  giving  the  body  a  projectile 
motion  for  a  certain  part  of  each  step ;  during  which  period 
both  legs  are  suspended  freely  on  the  trunk,  and  accompany 
it  in  its  flight  through  the  air.  The  length  of  the  running- 
step  exceeds  that  of  the  walking-step  by  the  horizontal 
distance  through  which  the  body  is  thus  projected  during 
the  period  in  which  neither  leg  touches  the  ground.  This 
distance  differs  according  to  the  speed  with  which  we 
run.  Our  steps,  in  running,  arc  on  an  average  double  as 
long  as  in  walking,  and  they  are  also  more  rapidly  exe- 
cuted, in  the  proportion  of  three  to  two;  so  that,  in  a  given 
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time,  one  may  run  abont  three  times  as  far  as  one  can 
wiilk.  The  exertion  required  to  maintain  this  speed  is, 
of  course,  directly  as  the  resistance  to  be  overcome; 
and  this  depends  more  on  the  air,  and  less  on  the  retard- 
in?  action  of  the  advanced  leg,  than  in  walking.  At  the 
fastest  pace  that  a  good  runner  can  keep  up  for  any 
length  of  time,  the  working  force  constantly  expended  in 
ove1-coming  the  resistance  of  the  air  is  equal  to  about 
four  pounds,  moving  at  the  rate  of  twenty  feet  per 
second ;  a  considerable  exertion  even  for  a  robust  man. 
Ami  as  this  resistance  varies  nearly  at  the  cube  of  the 
velocity,*  it  is  easy  to  understand  why  swift  running  is 
so  laborious  ;  and  why  a  small  acceleration,  when  a  rapid 
pace  has  already  been  attained,  adds  to  our  fatigue  in 
a  degree  apparently  so  disproportionate  to  the  slight 
increase  of  speed.  Hence  quick  running  is  an  advan- 
taeeous  mode  of  progression,  only  when  the  distance 
to'be  traversed  is  small,  and  the  time  to  be  occupied 
in  the  transit  short.  When  the  time  and  the  distance 
are  both  lengthened,  we  find  our  advantage  in  walking. 

i2S.  "Weber  has  entered  into  a  veiy  elaborate  calcula- 
tion of  the  motion  of  the  swinging  leg,  in  walking  and 
runniag,  founded  on  the  hypothesis  that  the  leg  swings 
entirely  by  its  own  weight,  without  assistance  from  the 
muscles,  and  that  its  motion  is  consequently  governed  by 
the  general  laws  of  oscillating  bodies.  I  have  not  as  yet 
had  any  opportunity  of  testing  this  theory  experimen- 
tally ;  but  I  am  rather  disposed  to  doubt  the  assertion, 
that  the  muscles  do  not  contribute  in  any  degree  to  swing 
the  leg  forward  in  natural  progression.  However,  accord- 
ing to  Weber's  supposition,  the  leg  oscillates  in  the 
game  time  in  all  paces,  from  the  slowest  walking  to  the 
fastest  running  ;  and  the  duration  of  a  step  is  greater  or 
less,  a.H  the  swinging  of  the  leg  is  interrupted,  by  setting 
foot  to  ground,  when  it  has  traversed  a  gi-eater  or 


•  Tho  araourit  of  atmosphftric  rosistancc  depends  chiefly  on  the 
r/iinntify  of  air  displaced  in  a  given  time,  and  the  rale  at  whicli  its 
fAFii'dcs  are  moved  ;  whici]  quantity,  and  rate  of  motion,  hvtli  in- 
creasing directly  a.s  tho  velocity  of  the  projectile,  would  make  the 
resi-ftanci  vary  as  the  mpmrf  of  the  velocity.  But  the  resistance  is 
fiirther  increased  hy  the  condeiiHation  of  the  fluid  in  front  of  tlie 
movinj^  body,  by  the  partial  var;uurn  fonned  behind  it,  nnd  by 
frereral  other  circurnstanoes,  whi'di,  added  to  the  former,  m;il<o  the 
resistance  vary  nearly  as  the  cuIk  of  tho  velocity,  according  to  llic 
Btateraent  in  the  t^xt. 
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less  proportion  of  its  arc.  Thus,  in  tlie  storming-pace,  the 
limb  IS  planted  as  soon  as  it  has  swung  through  half  its 
arc,  and  arrived  vertically  under  the  trunk  :  in  walking, 
as  each  step  occupies  more  time,  so  the  swinging  leg 
describes  more  than  half  its  arc,  and  passes  beyond  the 
vertical  position  before  it  is  planted ;  and  this  so  much 
the  more  as  the  pace  is  slower,  and  the  duration  of  each 
step  consequently  longer.  In  the  quickest  running,  each 
leg  must,  as  in  the  storming-pace,  perform  at  least  half 
an  oscillation  (so  as  to  hang  verticallj  Ijeneath  the  trunk) 
before  it  can  be  planted  ;  but  the  steps,  in  running,  can 
nevertheless  follow  each  other  more  rapidly  than  in  the 
storming-pace  ;  because,  as  both  legs  are  suspended  in  the 
an-  at  once,  during  part  of  each  step,  they  swing  forward 
simultaneously  through  a  portion  of  their  respective  arcs, 
and,  by  this  saving  of  time,  can  be  planted  in  quicker 
succession  than  when  they  are  swinging  separately,  one 
after  the  other. 

429.  This  account  of  walking  and  running  is  so  far 
calculated  to  elacidate,  in  their  more  important  parti- 
culars, the  fom-  occasional  modes  of  progression,  that  it 
will  not  be  necessary  to  dwell  on  these  latter  at  any  great 
length. 

430.  In  ywrn^MTCgr,  the  body  is  jirojected  into  the  air  by 
a  simultaneous  extension  of  both  legs,  performed  with 
remarkable  rapidity  and  force.  In  jumping,  forward,  back- 
ward, or  to  either  side,  the  body  describes  in  its  flight  a 
parabolic  curve  ;  in  jumping  upward,  it  moves  in  a  right 
line  ;  in  all  cases  it  obeys  the  ordinary  laws  of  projectiles. 
Thus,  for  example,  the  period  of  its  fall  is  nearly  equal  to 
that  of  its  ascent ;  and  its  rate  of  motion,  at  each  point  of 
its  descent,  is  exactly  equal  to  its  rate  of  motion  at  the 
corresponding  point  of  its  ascent.  If  the  act  of  springing 
forward  be  preceded  by  a  run,  the  body  acquires  an  im- 
petus, which  concurs  with  the  j^i'opelling  action  of  the 
limbs,  and  increases  the  horizontal  extent  of  the  leap.  In 
like  manner,  by  swinging  the  arms,  at  the  moment  of 
springing,  in  the  direction  in  which  the  body  is  projected, 
their  inertia  is  made  to  aid,  instead  of  impeding,  its  flight 
through  the  air. 

431.  The  progression  of  the  body  through  the  water,  in 
sivhnming,  dejjends  on  the  principle  that  action  and  re- 
action are  equal  and  contrary.  The  action,  in  swimming, 
consists  in  displacing  a  considerable  quantity  of  water, 
and  urging  it  backward,  by  certain  movements  of  the 
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hands  and  feet.    By  tlie  necessary  reaction  of  fhe  water 
on  the  body,  this  latter  is  displaced  and  urged  forward 
with  a  momentnm  precisely  equivalent  to  that  of  the 
water  moved  in  the  opposite  direction.     Some  swimmers 
render  the  body  specifically  Ughter  than  the  water,  by 
keeping  the  chest  more  than  usually  full  of  air,  so  that 
no  muscular  power  is  required  to  keep  them  from  sinking. 
More  usually,  however,  it  is  necessary  to  urge  the  water 
somewhat  downward  as  well  as  backward,  with  the  hands 
and  feet,  in  order  <to  keep  the  breathing  apertures  free 
above  the  surface  of  the  fluid.    Swimming  is  not  sus- 
ceptible of  so  much  diversity  in  point  of  speed  as  pro- 
gression on  dry  land  through  the  air,  on  account  of  the 
greater  resistance  opposed  by  the  water  to  the  motion  of 
the  body.     This  resistance  (varying,  like  that  of  air, 
nearly  as  the  cube  of  the  velocity)  soon  renders  it  impos- 
sible for  the  swimmer  to  accelerate  his  motion  without  an 
additional  amount  of  exertion,  too  fatiguing,  and  too  dis- 
proportionate to  the  small  advantage  gained,  to  be  long 
or  usefully  continued.    In  all  modes  of  progression,  in- 
deed, whether  through  water  or  air,  there  is  a  certain 
average  velocity,  adapted  to  the  powers  of  the  body  and 
easilv'artainable,  but  which  cannot  be  much  surpassed 
without  excessive  exertion.  This  depends  on  the  resistance 
of  the  me'Iium  increasing  so  much  more  rapidly  than  the 
speed  of  the  body  which  moves  through  it ;  and  it  accounts 
for  the  fact,  that  the  difference  in  the  speed  of  runners, 
swimmers,  &c.,  is  so  much  less  than  the  difference  in  their 
strength  would  at  first  sight  lead  us  to  expect.  In  reality, 
to  outstrip  a  swift  runner,  though  but  by  ahttle,  requires 
a  very  considerable  superiority  of  strength. 

432.  The  stature,weight,and  proportions,  of  the  skeleton 
vary  much  in  different  indi\dduals  and  races  of  men,  as 
well  as  in  the  opposite  sexes,  and  at  different  periods  _  of 
life.  Many  of  these  diversities  have  been  noticed  in- 
cidentally in  the  j^receding  chapters.  Thus,  we  have  had 
occasion  to  refer  to  the  remarkable  wc!,t,dit  and  density  of 
the  bfjnes  in  the  negro  as  compared  with  the  European 
skeleton ;  to  the  superior  dimensions  of  the  female  pelvis  as 
contranted  with  that  of  the  male  ;  to  the  disproportionate 
size  of  tlic  head  in  the  child  as  compared  to  the  adult; 
and  to  the  inferior  relative  capacity  of  the  anterior  seg- 
ment of  the  cranium  in  several  barbarian  tribes,  as  com- 
7)ared  to  more  civilized  races  of  rnen. 

The  average  stature  of  the  adidt  male  human  skelctou 
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(taking  into  consideration  the  shorter  as  well  as  the  taller 
varieties  of  the  species)  is  five  feet  six  inches.    This  is 
increased,  in  the  living  subject,  by  the  muscles  and  integu- 
ments, to  about  five  feet  seven  inches.  Variations  in  height 
of  more  than  nine  or  ten  inches  above  or  below  this 
mediuni  standard  are  anomalous ;  that  is  to  say,  at  four 
feet  nine  inches  a  man's  stature  may  be  considered 
dwarfish,  while  at  sis  feet  five  inches  he  becomes  a  giant. 
Bourgery  cites,  as  extreme  instances  of  dwarfish  and  giant 
stature,  a  Congo  negro,  nine  feet  high,  seen  by  Vander- 
broeck  ;  and  a  dwarf,  aged  thirty-seven  years,  sixteen 
inches  high,  mentioned  by  Birch.    The  average  height  of 
the  adult  European  male  skeleton  (to  which,  in  this  work, 
our  attention  has  been  principally  du-ected)  is  five  feet 
eight  inches,  or,  with  the  integuments,  five  feet  nine 
inches.    In  a  man  of  this  stature  the  total  height  of  the 
body  is  eight  times  that  of  the  head.    In  all  varieties  of 
the  species,  whether  tall  or  short,  barbarous  or  civihzed, 
the  height  of  the  female  is,  on  an  average,  inferior  by 
about  1-llth  to  that  of  the  male.     Varieties  of  height 
usually  depend  in  a  greater  degree  on  the  limbs  than  on 
the  trunk ;  for  which  reason  it  is  that  tall  and  short 
persons,  when  sitting,  often  appear  of  nearly  equal  height. 
Vitruvius  mentions  some  curious  facts  with  reference  to 
the  proportions  of  the  human  body.    If  the  body  be  laid 
on  a  flat  surface,  with  the  legs  extended,  as  in  the  erect 
posture,  and  the  arms  stretched  out  at  right  angles  on 
either  side ;  and  if  then  a  parallelogram  be  formed,  by 
drawing  two  lines  jJarallel  to  the  median  j^lane,  one  on 
each  side,  touching  the  tips  of  the  fingers,  and  meeting 
these  at  right  angles  by  two  transverse  lines,  one  in 
contact  with  the  crown  of  the  head,  the  other  with  the 
soles  of  the  feet ;  this  jjarallelogram,  thus  exactly  includ- 
ing the  body,  will,  in  a  well-i^roportioned  individual,  be 
found  to  be  a  perfect  square.    If  the  arms  be  now  raised 
till  the  tips  of  the  fingers  are  in  a  hue  with  the  top  of  the 
head,  and  if  the  legs  be  separated  till  they  would  form, 
with  a  line  joining  the  feet,  an  equilateral  triangle ;  then, 
around  the  navel  as  a  centre,  a  circle  may  be  described, 
which  shall  touch  the  tips  of  the  fingers  above  and  the 
soles  of  the  feet  below,  thus  including  the  body  exactly 
within  its  circumference.     Mr.  Joseph  Bonomi,  sculptor, 
in  conjunction  with  myself,  tried  the  truth  of  these  rules 
on  two  individuals  of  ordinary  projjortions,  and  we  found 
them  verified  with  surprising  accuracy.    It  is  difficult  to 
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believe  that  these  constant  simple  relations  of  the  human 
fio-ure  to  the  square,  and  to  the  circle,  can  be  accidental ; 
on  the  other  hand,  we  have  no  grounds  for  asserting 
po-itively  that  other  proportions  would  not  answer  the 
purpose  equaUy  weU  ;  nor  are  we  aware  of  any  particular 
inconvenience  occasioned  by  small  de\aations  irom  the 
ascertained  law. 

4;33    The  analogies  of  form,  number,   and  connec- 
tion, traceable  in  the  several  bones  and  regions  of  the 
skeleton,  constitute  a  subject  of  the  highest  philoso- 
phical interest,  which  has  given  rise  of  late  _  years  to 
keen  controversy  between  naturalists  of  distinguished 
ability ;  so  that  it  remains  up  to  the  present  day  an  un- 
decided question  in  physiology.    According  to  Garus, 
and  the  transcendental  anatomists,  there  are  two  simple 
modes  of  development,  and  two  shnple  primary  forms 
(the  cUronic  and  the  spherical),  which  are  repeated 
throucrhout  the  skeleton,  and  which,  with  particular 
modifications  (depending  on  certain  laws  of  antagonism, 
and  T'Aar  evolidion),  give  rise  to  all  the  diversified  forms 
actually  presented  by  the  bones.  These  views  are  opposed 
by  Cuvier  and  his  school,  who,  in  accordance  with  the 
simple  theory  of  the  Conditions  of  existence,  seek  only, 
in  studvino-  the  phenomena  of  organized  bemgs,  to  trace 
in  each  instance,  the  relations  which  subsist  between  the 
form  and  structure  of  organs  on  one  hand,  and  their 
functions  on  the  other,  or  (as  Blainville  has  expressed  it) 
between  the  sto.tk  and  dynamic  conditions  of  lite;  io 
discover  these  relations,  and  this  constant  mutual  inter- 
dependence, and  to  reduce  them  by  degrees  to  their 
simplest  and  most  comprehensive  terms,  so  as  to  arrive  at 
laws  of  the  utmost  possible  scope,  and  generality,  is, 
according  to  these  philosophers,  the  proper  end  ot  physio- 
loc/y ;  an  end  not  promoted  (as  they  say)  by  fanciful 
theories  of  development,  or  speculations  on  the  analo- 
Koaa  f'eometric  construction  and  essential  similarity  ot 
orc/ans   evidently  diverse  as  well  in  pomt  ot  number 
and  connection,  as  in  shape.    ITie  necessary  length  of 
snrh  a  discussion  precludes  its  admission  into  this  work, 
which  has  indeed  already  extended  itself  far  beyond  the 
limits  originally  proposed.     We  shall   here,  therefore, 
confine  o.ir  attention  to  those  more  obvious  analogies 
between  the  upper  and  lower  extremity,  and  between  the 
bon*-t  of  the  cranium  and  of  the  vertebral  column,  which 
are  now  universaUy  adinittcl  by  physiologists  ;  observing 
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only  with  reference  to  the  two  theories  in  question,  that 
each  appears  to  possess  a  philosophical  value  peculiar  to 
itseit,  and  adapted  to  corresponding  necessities  of  the 
science  ;  while,  on  the  other  hand,  their  essential  prin- 
ciples are  m  fact  less  contradictory  than  they  at  first 
sight  appear.  ^ 

434.  In  order  to  conceive  the  cranium  as  a  prolonga- 
tion ot  the  spine,  and  to  trace  in  its  bones  the  essential 
elements  of  vertebras,  it  must  be  borne  in  mind  that 
each  vertebra  consists  of  a  body  and  an  arch,  the  former 
being  part  of  a  column  of  support,  the  latter  of  a  canal 
or  tube  tor  the  reception  of  a  nervous  cord.  The  relative 
development  of  these  two  parts  varies  in  particular  ver- 
tebrre,  according  as  the  column  is  required  to  he  strono-er, 
or  the  cavity  more  capacious.  In  the  sacrum,  wfich 
serves  as  a  foundation  for  the  spine,  the  supportmcr 
column  IS  required  to  be  massive  and  strong  ;  but,  as  the 
contained  parts  are  here  at  a  low  point  of  development, 
the  protecting  cavity  becomes  a  featui-e  of  less  im- 
portance. Here  accordingly  the  hodies  of  the  vertebras 
form  a  large  consolidated  mass,  while  the  arches  are 
sniall,  and,  in  the  lower  sacral  vertebras,  even  altogether 
deficient.  In  the  cranium  a  contrary  development°talces 
place.  The  contained  nervous  column,  sweUiiig  out  at 
its  upper  extremity  to  form  the  cerebrum  and  cere- 
bellum, requires,  for  its  reception,  that  the  arches  of 
the  containing  vertebras  should  here  be  remarkably 
broad  and  capacious  ;  while,  on  the  other  hand,  theu- 
bodies  ;ire  reduced  to  mere  vestiges,  either  in  accordance 
with  the  law  of  antagonism  (as  the  transcendental  i^hi- 
losophers  would  say),  or  simply  because  a  column  of  sup- 
port is  here  not  wanted  (as  the  opposite  school  would 
affirm). 

435.  Bearing  these  facts  in  mind,  we  may  trace  in  the 
cranium_  three  separate  zones,  each  presenting,  more  or 
less  distinctly,  the  jirincipal  elements  of  a  vertebra.  The 
first  of  these  cranial  vertebras  is  the  occipital  bone ;  the 
second  is  formed  above  by  the  parietal  bones,  below  by 
the  greater  wings  of  the  sphenoid  bone,  and  by  the  larger 
portion  of  its  body;  the  third  is  composed  of  the  eth- 
moid and  frontal  bones,  together  with  the  lesser  wiuo-s 
of  tlie  sphenoid  and  that  part  of  its  body  by  which  they 
are  supported.  The  temjjoral  bones  are  said,  by  some 
anatomists,  to  belong  to  the  second  or  middle  cranial  ver- 
tebra :  by  others  they  are  regarded  as  parts  of  a  separate, 
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imperfect  vertebra,  possessing  rudiments  of  laminae  in 
the  Wormian  bones  ^vhich  intervene  frequently  between 
the  parietal  and  occipital  bones  _  (and  which  m  many 
instances,  attain  a  considerable  size,  i;id<3  par.  57).  VVe 
shaU  not,  however,  in  this  place  discuss  the  doubttul 
or  disputed  analogies  of  the  anterior  and  middle  zones 
of  the  cranium,  but  shall  conhne  our  attention  to  the 
occipital  bone,  referring  the  reader  to  the  writings  of 
Professor  Owen  on  transcendental  anatomy  for  fuller  in- 
formation. ,         p  ,1  •  +1,0 
436    In  the  occipital  vertebra  of  the  cranuim,_  the 
InsiJar  process  represents  the  body,  and  the  broad  Under 
Vlate  of  the  bone  forms  an  expanded  and  capacious  , 
or.-li;   while  the  /omrweu  viagnum,   included  between 
these  parts,  is  evidently  analogous  to        vertehrcil  hoLe. 
Asain.the  occipital  condyles  are  true  mferior  arUciUar 
p^'ocesses,  and  the  pig^dar  processes  may  be  regarded,  i 
think,  as  vestiges  of  the  superior  arhcidar  processes 
The  fm7hsu-er.se  processes  are  represented  by  the  rougli 
portions  of  bone  which  lie  to  the  outer  side  of  the  con- 
dvles,  and  give  attachment  to  the  lateral  recti  muscles  ; 
while  the  eiderior  occipital  crest  and  tuberosity  constitute 
a  rudimentary  spinous  process.                    r  ,  i,    u  „„ 
4:37  The  student,  in  examining  the  forms  of  the  bones, 
mu-<t  have  already  been  struck  with  the  analogies,  which 
assimilate  the  shoulder  to  the  pelvis,  the  upper  arm  to 
the  thic^h,  the  forearm  to  the  leg,  and  the  three  regions  of 
the  hand,  respectively,  to  the  con-espondmg  divisions  of 
the  foot.    The  flat  iliac  portion  of  the  os  mnommatum 
corresponds,  both  in  form  and  position,  to  the  ala  of  the 
scapula,  and  its  internal  and  external  fossaj  represent  the 
dorsal  and  ventral  depressions  of  the  shoulder-blacle. 
The  acetabulum  answers  to  the  glenoid  cavity,  and  the 
i.sfhium  to  the  coracoid  process  ;  while  the  pubes,  stretch- 
int/  horizontally  inward,  is  recognised  as  the  analogue  ot 
the  fla^-icle.    The  head  and  neck  of  the  humerus  answer 
to 'those  of  the  femur;   and  the  larger  and  smaller 
taberosities  of  the  former  bone  correspond  to  the  larger 
and    smaller  trochanters  of  the   latter.      The  lower 
extrf-mity  of  both  bones  presents  a  trochlear  surface  with 
lat<-ral  tubercles  for  mu.scular  and  ligamentous  insertion  ; 
whil(-  the  patella  of  the  knee-joint  and  the  olecranon 
PTWHH  of  the  elbow  are,  in  general  respects,  strikingly 
analoc/ouH.    llms,  each  is  dev.^loped  by  a  separate  ij(jint 
of  ossification,  and  presents  the  stnicture  commou  to 
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short  bones;    each  gives   attachment  and  mproved 
tlT^l■  ^  ^  ™,=l«%?f  extensors;  and  each  protects  a 
jomt,  which  would  otherwise  be  exposed  durin.  flexion 
Wiien  the  olecranon  remains  separate  from  the  ulna,  and 
lorms  an  independent  short  bone  (as  in  an  iustauoe  re- 
^°senm_uller),  this  analogy  is  rendered  com- 
plett.    the  analogies  between  the  forearm  and  the  le<^ 
are,  m  several  respects,  more  uncertain  than  those  be° 
tween  the  upper  arm  and  thigh.    The  leg  is  indeed,  like 
the  torearni,  composed  of  two  parallel  prismatic  bones, 
articulated  together  above  and  below,  and  havincr  their 
shalts  connected  by  an  interosseous  membrane."  But, 
with  re.spect  to  the  precise  analogies  of  these  two  bones, 
difterent  opinions  are  entertained  by  anatomists,  the  tibia 
bemg  compared  by  some  to  the  ulna,  and  by  others  to 
the  radius     At  its  upper  extremity  the  tibia  certainly 
resembles  the  ulna ;  because  it  is  in  a  line  with  the  inner 
side  ot  _  the  bone  above,  and  because  moreover  it  pos- 
sesses,  in  the  patella,  an  appendage  analogous  to  the 
olecranon.    At  its  lower  extremity,  on  the  contrary,  the 
tibia  resemb  es  the  radius,  first,  because  it  contributes 
more  than  the  fibula  to  the  ankle-joint,  as  the  radius 
contributes  more  than  the  ulna  to  the  wrist;  secondly, 
and  chiefly,  because  it  is  in  a  line  with  the  great  toe,  as 
the  radius  is  with  the  thumb.    Here,  therefore,  it  must 
he  admitted  that  the  analogy  of  the  two  limbs  is  some- 
what obscure.    It  is,  however,  impossible  to  dispute  the 
resemblance  between  the  malleoli  of  the  ankle-joint  and 
the  styloid  processes  of  the  wrist;  between  the  cuboid 
bones  of  the  tarsus  and  those  of  the  carpus  ;  between 
the  cylindrical  bones  of  the  metatarsus  and  those  of  the 
metacarpus  ;  and,  finally,  between  the  phalanges  of  the 
fingers  and  toes. 

438.  If  these  strong  analogies  between  the  upper  and 
lower  extremities  compel  us  to  admit  that  they  are 
foraied  m  a  common  type,  their  numerous  and  important 
djfiei-ences  are,  on  the  other  hand,  sufficient  to  prove  that 
that  type  has  undergone  considerable  modifications,  to 
adapt  it  in  each  case  to  particular  functions.  This  is  a 
PO'^t  on  which  we  have  already  had  occasion  to  dwell 
(•303) ;  and  we  need  here,  therefore,  only  remind  the 
student  (by  way  of  recapitulation,)  tbat  the  bones  of  the 
arm,  m  which  freedom,  swiftness,  and  delicacy  of  motion, 
are  the  principal  requisites,  present  slender  shafts,  shal- 
low articulations,  and  short  processes  for  the  attachment 
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of  muscles  :  while  iu  the  leg,  wliicli  is  designed  to  sustain 
ot  mubtie.  .  perform  motions  ot  hmitecl 

"  ^''''nrXr  forcible  Van  rapid,  we  find  more 
"'^^Ive  amlleaSvlol^^  longe/ processes  of  lever- 
ma«ive  ana  ne  %  entirely  done  away  with, 

ofher'i^^t  slSht  y  moveable,  and  the  remainder  ren- 
dered mo'e  secure 'by  mcrease  of  depth,  or  expansion  of 
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